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[Text] Abstract

This book is an introduction to the DOS YeS unified disc operating system
which is used in the latest models of the unified computer system created

by the joint efforts of the participating countries of the CEMA, The
authors familiarize the reader with the composition, the structure and

the characteristic features of the system. A highly detailed description is
presented of the functional capabilities of the components of the unified
disc operating system and their interrelation.

The book is of interest for users of the unified disc operating system;

it can be used both for independent study and as a text for the programming
instructors.
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FORLWORD

The software for a computer. is the set of programming means, rules, pro-
cedures permitting use of the computer for the solutions of various problems.
Only in the presence of a sufficiently developed software will the hardware
making up the modern computer be an extraordimary tool for the solution of

- all possible information processing problems,

Modern software includes the set of programs racilitating and automating

a significant part of the operations connected with using computers. Among

these programs the primary role is played by the control programs which

organize the flow of the problems in the machine by efficient distribution

of the reserves having error detection means for the operation of the equip-
- ment and errors in the programs. An important property of the modern
control programs is its capacity for making intelligent, independent decisions
on occurrence of various situations, including the appearance of errors,
during the operation of the computer, combined with the presence of means
of communicating with the operator, means permitting the operator to input
to the control tactics and in a number of cases to make the final decisions,

An important part of the software is the programs which simplify and auto-
mate the process of compiling and checking out the programs. These are
primarily compilers which offer the possibility of presentation of the
initial program in the corresponding algorithmic language and the library of
programs and logarithms permitting formulation of the initial assignment

in terms of quite large operations. The significance of these libraries

is increased for the presence in them of software which' realizes the compila-
tion of the programs from the previously prepared parts by assembly and
editing. In recent years a larger and larger role.has been played in soft-
ware by the packages of applied programs which are problem~oriented libraries
of programs, supplemented by access and control means, This package permits
us to combine simplicity of formulation of the assignment to compile the
program for the solution of any specific problem from the corresponding
class of problems with high efficiency of the program obtained.

For the first generation computers, in particular, for the gsecond generation,
the storage of separate sets of programs and making them available to the
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ugser were characteristic. The low cequipment reliablility and small memory

size, capecially the size of the direct-access memory, established very

rigld frames for the developnent of software and especially for the creation

of complex interdependent systems which offer an all-arcund solution to the
problem of supporting the operation of the computer. The same causes also
prevented the application of the computer for complete automation of the
information processing when working with large data files. The computer

was used only for fragments or individual stages of these processing processes,

The technological advancement and significant improvement in equipment
reliability, the growth of the ready-access memory size and the appearance

5 of fast, capacious direct-access memories -~ magnetic discs -- have created
a situation in which 1t turned out to be possible and necessary to have an
all-around solution to the problems of organizing the operation of the com-

- puter excluding faults on transferring from one phase of solving the problem
to another or when changing problems, leading to minimum manual manipulation
and Insuring a high equipment utilization factor. The nature of the software
accumulated at that time created serious difficulties for the implementation
of thls all-around approach. The establishment of the languages and inter-
action among the various parts of the software turned out to be complex
problems, for each part was created independently without considering the
peculiarities or even the existence of other parts. Even in the case of
independent use of different parts of the stored software, the user and the
computer personnel experienced serious difficulties. The same or analogous
problems were solved in different chast differently, and it was necessary
for the user to remember the entire variety of methods of organization and
forms of access, and it was necessary for the personnel to deal with many
carriers from which each required its own method of use and accompaniment. -

The efforts to convert the separate parts of the software into a unified
sytem by creating all-possible linking programs and partial reworking of
gsome of the exlsting ones, could not seriously advance the solution of the
problem. It became clear that the basis for the computer software must be
a common design for a software system providing not only for the functions,
compogition and organization of the future system, but also the paths of

- future development of it. The appearance of these designs and the work on
implementation of them can be considered the birth of systems programming.
The sets of programs created by these designs have come to be called opera-
tion systems.

The first efforts to create a system functionally combining the various
parts of the software were made at the beginning of the 1960's, One of the
first was the system which was developed for the ATLAS computers. A basic
characteristic of this system consists in the fact that all of the programs
-~ compilers, applied programs, interrupt process programs -- are logically
subroutines of a supervisor (controlling program), the operation of which
is initiated by the supervisor by transferring control to it, and each
program, on completion of operation, returns control to the supervisor.
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The packaged processing of the assignments with planning of the mixture of
problems coming into the system, multiprogram, the input-output control
system with loglcal addreasing of the peripheral devices and dynamic
memory distribution were implemented in the system.

Among the first systems let us also note the IBSIS system for the IBM-7090/
7094 computers. This system is built around the primary dispatcher who
controls the system by means of his branch subroutines and the subordinate
dispatcher., The system includes translators from Cobol, Fortran,
Macroassembler, the loading and sorting programs and the editor. The pro-
gramming standards make it possible to have a common library of programs.
The adaptive input-output control system permits the working programs to

be equipped with the necessary data control subroutines., The system 18
open to be supplemented by translators and other processing programs.

These systems were direct predecessors of the 0S/360 system which was
annrunced in 1964 and up to now has been one of the most powerful and
developed operating systems.

The development of the operating systems and the functions performed by them
have had a noticeable influence on the architecture and operating logic of
modern computers. Now it is in practice impossible to solve even the
simplest problems on a computer without the operating system. The operating
system is a necessary attribute of the computer.

In the last 10 years, the concept of the operating system has been trans-
formed somewhat. Occurring as a synonym of the combination of software
into a system, the term "operating system" has naturally come to be used

to designate only part of the system, including and providing the most used
all-purpose media.

For example, the packages of applied programs operating under the control
of and with the help of a given operating system usually are not considered
components of the operating system although they are an extension of it,
essentially supplementing the set of services made available to the user

by the system.

Frequently in the literature the term "operating system" is used in a
narrower sense, including only the designation of the system of programs
providing for execution of finished programs and isolating the means of
automating the preparation of programs in an independent concept -- the
programming system.

Here, however, we shall adhere to the broader interpretation of the
"operating system," including in it the program compiling means,

In almost any sphere of human activity when using any new untested means,

the matter begiuns with very modest scales and only as progress 1s made do
the requests for this means and skills of application grow. For the

4
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process of Introducing computer engineering in one area or another or

even gimply for the development of a computer center designed to service -
the required computer means, an increase in the requirements on the

capacity of the computer means and on the variety of equlpment is characteris- r
tic on the one hand, and on the other hand, the necessity for retaining the
stored programs and their use under the new equipment conditions, One of
the methods of using these requirements is the creation of a family of
program-compatible machines of different speed and a broad set of peripheral
devices with standardized method of connecting them to the varlous computers
of the family. The user can begin operations, having at his disposal a
minimum of equipment required by him, building it up as the demands Lncrease
or proceeding to the use of a more powerful model within the family., The
software of such a family of computers can satisfy the additlonal require-
ments of adaptation to operation with various sets of specific devices,

In order to achieve efficiency and insure the greatest capability of func-
tioning on devices with comparatively modest memory sizes, this adaptation
basically takes place statically, that is, by preliminary adjustment. The
operating system of any specific device appears as a result of a special
process called generation which is carried out with respect to the programs .
available in the software,

By the operating system of the family of computers in thils case we mean both

the set of all specific operating systems created during generation and the

set of still untuned moduli of the system and the generation programs, the

- presence of which offers the possibility of obtaining any specific operating
system. This duality of the term constantly must be kept in mind in connec-
tion with the DOS YeS unified disc operating system described below,

In spite of the attractiveness and the prospectiveness of this universal
approach in which the operating systems for the different machines in
different combinations are versions of the unified system, its effective
implementation in full volume appears to be highly problematic at least for
the famlly of computers in which there are low-efficiency models and pro-
visions are made for sets below some minimum. The problems of distribution
of resources, planning of the mixture of problems, organization of parallel
processes inside one problem, completeness of diagnostics, stability with
respect to errors and erroneous operations, the exclusion of manual manipula-
tions and so on which are decisive for the efficiency of the operating sys-
tems of powerful computer complexes are for various reasons pushed into
second place for the computer with modest resources. For such computers

the primary importance is attached to the problems pertaining to the organi-
zation of input-output, the structure of the programs and program library,
convenience of manual manipulations, and so on and, of course, the minimiza-
tion of the resources taken out by the operating system, the speed and
simplicity of its operating algorithms do not play the least important role.
At the same time an important role is played by such modest installations
among the computers which are produced and in operation at the present time,
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One of the most widespread operating systems oriented toward such installa-
tions 1s the N0S/360 created for the efficient utilization of the most
recent models of the 360 series computers built by IBM, With respect to
the basic structural principles, the D0S/360 is similar to the more power-
ful 08/360, but it takes into account the limited possibilities of the
equipment of the smaller machines (the small basic memory, low processor
speed, and so on), However, the D0S/360 retains its fitness and can be
used on all models of the 360 series,

The operating systems of the D0S/360 and the 05/360 have had great effect

on the development of the operating systems, serving as a model for many

both as a result of the widespread use of the series 360 machines and on
- the basis of thelr undisputed advantages.

The DOS YeS operating system used on the models of the YeS-1020, YeS-1030
and YeS-1040 of the unified system of computers developed by the joint
efforts of the member countries of the CEMA, is functionally similar to the
D0S/360 system. This similarity permits exchange of the applied programs
and other information among the users of the series 360 and YeS computers.

This book contains a description of their purpose, the possibilities and
structure of the DOS YeS unified disc operating system,
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CHAPTER 1, BASIC CONCEPTS

The unified computer system (YeS EVM) is a number of program-compatible
models of different output capacity, each of which includes a processor,

a basic memory, input-output channels and a set of various peripheral
devices. The coupling of the processor and the basic memory to the devices
is via channels. The set of the specific installation of the unified
system of computers can vary widely as a result of the basic memory size,
the channels and the set of peripheral devices.

The DOS YeS unified disc operating system is a set of means and programs
which permit us to obtain a version of the DOS YeS operating system for

- each admissible combination of equipment which provides for operation of
the unified computer system installation in a given complex., The operating
conditions provided for by the operating system and the set of properties
and functions included in it can vary as the user desires in accordance
with his needs.

The DOS YeS system makes it possible for the user to prepare his program

and solve his problem with it to a significant degree independently of what
specific installation of the integrated system of computers and with what
version of the DOS YeS system these operations are performed. For the
majority of users the DDS YeS system is a unified operating system permitting
automation of the entire process of setting up the problem on the YeS EVM
unified system computer beginning with planning of the structure of the
program and the encoding and ending with correct execution of the program.

The DOS YeS system removes the necessity for detailed description of all
the operations which must be performed by the computer for the solution

of the problem from the programmer, and at the same time decisively simplify
the programming, The set of program components of the DOS YeS is made up
of the modules of the unified system combined by common principles of
construction and interaction for all having matched inputs and outputs,
The coordination center of the system is the monitor, under the
observation of which all the programs are executed, both the operating
system itself and the programs of the user, The 1ist of most significant
properties of the DOS YeS operating system is matched with more precise
determination of some of the general concepts and terms which will be used
hereafter.

- 7
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The Hultiprogram Processing

The problems can be solved on the computer in the single-~program or
multiprogram regime. TIn the single-~program regime the computer solves

only one problem and proceeds with the solution of the next only after
completion of the preceding one. The golved problem can be granted all

of the available resources without which the operating system can get along
by itself. In the multiprogram regime there can be several problems in the
stage of execution on the computer, and the operating system must distribute
the resources during the corresponding programs.

Under the control of the DOS YeS operating system, the programs can be
performed both in the single-prof=asi and in the multiprogram regime., In
the multiprogram regime the DOS YeS insures the possibility of simultaneous
execution of up to three programs which do not depend on each other.

Assignment

In order that the computer perform the operation, the operating system must
obtain the corresponding assignment. Modern computers are rarely used for
single operation. As a rule, the computers are used to process the flow
(or flows) of assignments. These can be assignments with the previously
planned performance sequence Or the assignments arriving asynchronously
from the different objects. The assignments themselves can be of different
urgency and importance.

The operating system must organize the acceptance of the assignments, monitor-
ing of them, the creation of the sequences for execution, the preparation
of the requested programs for execution, starting of them, automatic trans-
fer to the next assignment. These functions are performed by the programs
of the operating system having the common name ~— Assignment Control. The
Asgignment Control programs provide in the system for the acceptance of
a request to perform an operation and transfer to the execution of a new

- operation as soon as it becomes possible. The basic purpose of these pro-
grams is the organization of the automatic transition from one assignment
to another, which requires automatic adjustment of the system on making the
transition to the new assignment.

For normal operation of the DOS YeS system, the assignments must be grouped
in advance into a package which forms the input flow of assignments, The
operator initiates the reception of the given flow, reporting from which
device it must be read. The assignments from the input flow are received
and interpreted by the Assignment Control program and are executed auto-
matically in succession, one after the other, without intervention of the

- operator or programmer, This operation of the system where the assignments

are received and are executed successively is called package processing.

In the DOS YeS system, the assigmment is described using the controlling
operator., The assignment usually consists in several controlling operators,

8
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determining, for example, the names of the asaignment, the beglnning and end
of the assignment, the name of the program which must be executed. The
nsslgnments combined Into one package are not related to each other, and
the execution of one assignment does not depend on the other assignwent,

The agslgument can be divided into steps. The gteps of one asulgument are
executed in series, The execution of each next step of the assigament,

as a rule, depends on the successful execution of one or several preceding
steps., For example, the assignment for an observation including translation,
editing and execution of the program can be made up of three steps: the
performance of the required translator, the exccution of the editor program,
the cxecution of the program directly (translated and edited).

Division

The problem of the distribution of resources between the simultaneously
executed programs has been simplified in the DOS YeS by preliminary breakdown
of the basic memory into divisions and attachment of certain input-output
devices to each division. The flow of assignments begins with one of the
divisions, and all of the assignments (and steps ol the assignments) from

the given flow are executed in series, using the corresponding division
together with the devices attached to it.

The type of multiprogram processing adopted in the system is called multi-
program processing with a fixed number of divisions. One part of the basic
memory is always occupied by the control program., This part is called the
control program region. The rest of the basic memory is called the problem
program region. The programs written by the user and such programs of the
operating system as the translators, sorting and copy programs are executed
in this region.

The DOS YeS operating system permits representation of the problem program
region in the form of one, twc or three divisions. Each division is designed
for the execution of one program. If the problem program region is made up
of one division, only one program at a time can be exccuted on the computer.
If the problem program region is broken down into two or three divisions,
then two or three programs can be executed simultaneously.

File

In the DOS YeS operating system, the data which are on the external carrier
and are read from the input device during processing or are recorded on the
output device constitute files, A file can be located in any input-output
structure of the unified system of computers, Depending on the type of
device and the program requirements a file can have various sizes and differ-
ent structure, The file concept is analogous to the concept of the '"data
tile." However in the DOS YeS the file is a concept which defines any
information which 1s placed on an external carrier, whether 1t is programs,
assignments or data. For example, the input flow of assignments is a file;
the initial program for the translator is a file; the data to be sorted
also constitute a file,

9
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The external carriers on which the files appear are called volumes. For
example, a volume is a magnetic tape reel or package of discs. One volume
can contain several files, forming a multifile volume, and one file can be
placed on several volumes, forming a multivolume file,

The characteristics of the data file which permit the system to recognize
this file, such as the name of the file, its 1imits, format, and so on,

are contained in special modules called the file markers, The file markers,
as a rule, are placed on the same carriers as the files themselves.

- Logical Devices

The YeS EVM unified system of computers permit connection of a large number

of different input-output devices. On the different computers the composi-
tion of the peripheral devices is different, The physical addresses of the
devices can be distinguished both on the computers having an identical set

of devices and on the computers having a different set. In order to simplify
the transfer of programs from one computer to another, from one configuration
of the external device to another, it is necessary to remove the necessity

for referencing specific physical addresses of the devices from the programmer.

The method of loglcal devices is used for this purpose in the DOS YeS system.
When it is necessary to reference an external device in the program, the
programmer indicates not the physical address of the device, but the symbolic
name selected from the set of names given to the logical devices. Directly
before execution of the program on the computer specific input-output devices
must be placed in correspondence (assigned) to the logical devices used.

The system takes in itself the conversion of the logical addresses to
physical during the execution of the program. The number of logical

devices can not coincide with the number of devices connected to the computer,
for the same physical device can be designated, for example, as two logical
devices.

There are defined rules for using symbolic names for logical devices. The
system isolates two categories of logical devices: the logical devices of
the programmer and system logical devices. There are differences in the
use of the indicated categories of logical devices. The logical devices
of the program are used in the user programs with respect to an examination
of the programmer, and the system permits each of them to call any of the
input-output devices. The system logical devices are used by components
of the DOS YeS operating system itself for its own purposes. Specific
names are fixed for these devices, and each system device can have one or
several specific input-output devices of the admissible types assigned to
it. The basic system logical devices are the following:

The system residence (SYSRES) ~- the memory on discs on which the DOS YeS
system itself is located;

10
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The system read deiver (S8YSRDR) =~ the device used for fnput of the con=
trolling operators of the assignmenty;

The system input (SYSIPT) ==~ the device used for data lnput;
The system punch (SYSPCH) -~ the device used for dava output in card format;
= System printer (SYSLST) == the device used for printing the data outy

: The system reglster (SYSLOG) -~ the device for communication with the
opetator.

There are also other logical system devices.
Steps in Preparing the Programs

An important role in the operating system is played by the means for
automation of programming which includes the programming languages and
translators, the programs providing for the combining and editing of
various programs and debugging means. During preparation of the program
in the DOS YeS, three basic steps are isolated: compiling of the program
(writing the program) in the initial programming language, translation and
editing.

The DOS Ye$S operating system allows the programmer the programming languages
oriented toward different classes of problems: Fortran —- for sclentific
and technlcal problems, RPG -~ for accounting probicms, Cobol -- for
problems {n economics, PL/1 == the universal programming language, the
Assembler ~- the machine-oriented language. The Assembler permits the use
of all the capabllity of the machine and at the same time reiieves the
programmer of such fatiguing and tedious tasks as remembering the machine
codes of the instructions, calculating the true addresses and memory, and

80 on,

The program written in any of the program languages Is called an initial
module or initial program. The initial program is converted by the
corresponding translator to the target module. The target module is the
program module in {ntermediate format common to all the system translators.
The target modules are stili not machine programs, They are not designed
for direct execution, for in addition to the program text, they contain
additional information permitting organization of ccwmunications among
the modules, placement of the program in a specific tocation in the base
memory, and so on, The target modules must go through another processing
step -~ the editing step. In this step the modules are processed by the
editor program. As a result, a program is obtained which is ready for

- execution., It is a set of program phases (or one phase)., The phase also
called an absolute module, can be loaded in the basic memory for execution,
In the DOS YeS the phase 1is loaded in the basic memory for execution
always only as a whole.

- 11
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1n the editing step the program phases can be collected from individually
prepared modules, and the finished modules available in the libraries can
be ineluded in them, The combination of the target modules into phases
takes place directly when the module is obtained from each programming
language.

The preparation of the program with respect to steps permits the programmer

to make flexible use of the system means. The programmer can break down

his program into parts, and he can program them individually (frequently

this is done by different programmers). For each part a specific programming
language can be selected; the parts can be translated independently and
checked out autonomously. This breakdown of the program into modules per-
mits {f necessary the introduction of changes only into individual parts

of the program without touching the rest. The communications between the
tndividually prepared parts of the programs (modules) are defined symbolically,
and specific values are obtained only in the editing step.

Structure of the Program

In the DOS YeS, a program can have one of the following structures!
simple with overlay without a base phase, with overlay with a base phase:

The simple structure predetermines that the program is made up of one
phase, that is, the program will be called into the basic memory as a whole
for execution.

The structure with overlay without a base phase resembles the program

- execution conditions under which each executed phase calls the next phase
into the basic memory in its place. Thus, the called phase completely or
partially occupies the space which was prev’ously occupied by the calling
phase. A section equal to the length of the largest of the phases 1s
occupled in memory. :

The overlay structure with a base phase presupposes that there is a phase
which is copstantly located in the basic memory during execution of the
program -~ the base phase. The remaining phases are called into the basic
memory by the base phase alternately in the same location.

The structures with overlay permit the solution of the problems requiring
large basic memory size.

For segmentation of planning of the program structure, it is necessary to
know the logic of the program in the links between its parts well. This
information cannot always be transferred to the operating system, there~
fore the programmer himself must deal with the problems of segmentation

and planning. For these purposes the system equips him with the correspond-
ing apparatus for external communications instead of directives for assembly
and calling of the phases.

12
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Syuntoem Generatlon

An Important property of the DOS YeS operating system is Lts adaptability
to the conditions of different applications, the methods of operation and
configuration of the technical means, This adaptability is insured by an
organic combination of various means, the most importaunt of which must be
congidered to be the medularity of the system, the presence of macrogeneras
tion, independence of the programs with respect to specific addresses,

and in individual cases, the characteristics of the external devices,
simplicity of modification, and supplementing.

The ptocess of obtaining a specific system from the general DOS YeS is
cualled system generation, Generation includes the following:

Adjustment of the control program (primarily the Supervisor) to insure the
specific composition of the equipment (the peripheral devices, the model
number, the volume of the basic memory, and so on) and also introduction
into the generator system as the user requires such properties as the
number of divisions for multiprogram processing, memory protection, the
statistics on magnetic tape failures, and so on;

Planning the dimensions and composition of the libraries, the operating
files of the system programs, standard designations of the devices, and so
on,

The DOS YeS obtained by the user for his specific purposes during operation
of the system is permanently placed on discs. Therefore the computer on
which the DOS YeS is used must contain at least one disc memcry.

Composition of the DOS YeS System

The DOS YeS system is a broad program complex including programs for differ=-
ent purposes. These are programs that organize and control the computing
process, the translators from the programming languages, and the programs
that service the system itself, Considering the purposeful direction of

the programs, the developed traditions for classifying them and also the
convenience of discussing the material, the DOS YeS programs can be
represented in the form of three basic groups of programs: the

monitor, the control of the data and the processing program (Fig 1).

The monitor insures automatic control of the computer and is made up of
several independent programs;

The initial load program which does the initial preparation of the system
for operation;

The supervisor, under the supervision of which all the programs are executed,

beginning with the time of input of the assignment to execution of the
program and obtaining of the results;
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The Assignment Control program which prepares the system for execution of
each individual assignment.,

The data control deals with organizing the data and processing of it., These
problems are solved on the level of each programming language individually,
In the Cohol, Fortran, RPG, and PL/1 programming languages, the data con-
trol means are embodied in the operators of the language itself. For the
programmer who writes his own programs in the DOS YeS Assembler language,
the data control means are represented in the form of a set of programs
forming the input-output control system.

The processing programs include transmitters from the programming languages
Aggembler, Fortran, RPG, PL/1 and Cohol, the set of service programs and
l also the user programs.

The servicing programs include the following:

The Editor which shapes the program ready for execution on the computer
from the target modules;

The Librarian which provides for updating and servicing the DOS YeS libraries;

The Debugger, which provides the programmer with the means of debugging the
programs;

The copy programs providing for encoding, shifting, printing and punching
the files and other auxiliary functions;

The sorting programs;

The program for checking the peripheral devices, which checks the peripheral
devices for busy simultaneously with the execution of other programs.

All of the program components of the DOS YeS and also the programs created
by the user are stored in the system libraries. There are libraries of
three types:

The library of initial modules containing the program modules written in
the initial programming languages;

The library of target modules containing the target modules which are the
results of the translation of the initial modules;

The library of absolute modules containing the program phases ready for
execution.
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Figure 1. Composition of the DOS YeS
Key:
1. DOS YeS operating system 11. Series access
2. Controlling program 12. Direct access
3. Input-output control system 13, Index-series access
4, Processing program 14, Assembler
5. Translators 15. Fortran
6. Service programs 16, RPG
7. User programs 17, Cobol
8. Initial load 18, PL/1
9. Supervisor 19, Editor
10. Assignment control 20, Librarian
21. Debugger
- 22, Copy programs

23, Sorting
24, Program for checking the
peripheral devices
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- CHAPTER 2. MONITOR

From the point of view of the user, the operating system is an extension
of the hardware., The programs of the operating system which react to the
interiupt signals are the closest to the hardware, These programs are
part of the control program or monitor; their basic purpose is to super-
vige the execution of the processing programs. The monitor sees to the
operation of the programs, it determines the order of their execution, it
reacts to errors in the programs and hardware, it completes the operation
of the programs, it sees that the programmers observe the 1imits of use
of memory and time, and it monitors the use of the input-output units.

For the monitor it is insignificant which program is executed at a given
time: the program entering into the DOS YeS composition or compiled by
the user (the problem program). For the monitor they are all equal and
equivalent to the problem program. By a problem program hereafter we mean
a program written by a user for his problem., Only in cases where the
situation is considered from the point of view of the monitor can we con~
sider the problem program to be any processing program of the DOS YeS.

The monitor must constantly be in a fit condition as a necessary supplement
to the hardware. Part of the basic and external memory are required for
location of it. 1In the basic memory this is the monitor region; in the
external memory, the system residence, that is, the packets of discs on
which the monitor and the DOS YeS programs are permanently located. All the
rest of memory (basic and external) is at the disposal of the user.

The monitor is made up of several independent programs which perform their
own functions in the different steps of the computing process (see Fig 2).
The composition of the monitor includes the following: the Supervisor,
Assignment Control, Initial Load,

The Supervisor is the coordinating center for the monitor, which reacts to
the interrupt signals, distributes the processor time among the programs
being executed simultaneously, Joads the required program for execution.
The functions of the Supervisor are varied, and the volume of programs
executing these functions is great. Therefore the Supervisor has a
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structure with overtay wivh the bhase phases  The base phane of the
Supervigor {y called the nucleus, 1t is congtantly present in the basle
memory; one of its functions 1s to call the required parts of the monitor
from the system residence into the basic memory, The monitor region has a
special section where other phases of the monitor are called =~ the
transient zone, The phases called into the transient zone from the system
residence are called transit or transits., The criterion for the division
of the functions between the nucleus and the transits is the use frequency
- of the function and, especially, the admissible reaction time of the system
for a request for the given funetion, The nucleus of the Supervisor
analyzes the interrupt signals, the transit phase call, switching between
programs in the multiprogram regime, and so on, that 1s, the functions
which must be executed quickly and quite frequently, The processing of the
crrors from the peripheral devices, the organization of communications
with the operator, creation of control points, and so on, that is, the
functions, the performance of which is required quite rarely are transferred
to the transits.

Pesudanur  everemn: (1)  Oowobuon  noan (8)

‘ ‘ ] #eo ngphuonpe -
(2)  Nynpodonvoupsrpozporma : Z 9)
§2§ %%?ﬁgggpa:cwm Z —

Toansiry Cyneobusops —uerzZZZ0 2127 Tocnsurme  odaaen(10
(6) | Yaoohamve sobavmmy 3

dracts  npobassmns
npospamm (11) 3

(7)) |0Gpadorwbowut npos'ommy

Figure 2. Monitor Composition

Key:
1. System residence 8. Basic memory
2, Monitor 9. Supervisor nucleus
3. Initfal load 10. Transit zone
4. Supervisor nucleus 11, Problem program zone
5. Supervisor transits 12, Monitor zone

6. Assignment control
7. Processing programs
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The Assignment Control executes the functlons required to prepare the
program for execution under the supervision of the Supervisor. This part
of the monitor s called into the basic memory by the Supervisor from the
system resideunce, and it functions with transition from execution of one
problem program to another. The Assignment Control does not require
additional room in the basic memory, for it is loaded into the memory zone
in which the next assignment (or assignment step) will be performed. On
completing the required preparation, the Assignment Control calls "on its
own" the program which 1s required in the assignment, at the same time
"destroying" itself in the basic memory.

The Initial Load program provides for the preparation of the DOS YeS system
for operation. Its basic mission is to load the nucleus of the Supervisor
from the system residence into the monitor zone.

Multiprogram Processing

The primary goal of multiprogram processing is to increase the carrying
capacity of the system as a result of more efficient utilization of the
computer resources. In the case of multiprogram processing the increase

in output capacity is achieved as a result of the fact that simultaneous
performance of the input-output operations and the processing operations

is permitted. For example, at the time when one program performs the
input-output operations, the other program can process the data in the basic
memory.

In order for it to b« impossible simultaneously to execute several programs,
the system must solve the basic problems such as the distribution of the
computer resources umong the programs (basic memory and peripheral devices),
the assignment and the maintenance of priorities. The problem of the
distribution of resources is solved in the DOS YeS system as follows: the
basic memory is divided into divisions and the peripheral devices are
attached to each division. This distribution always exists for multiprogram
processing, but on each machine this distribution can be specific to the
machine; for a specific mixture of simultaneously executed programs it is
also possible to establish a specific distribution.

Each program is executed in one of the basic memory divisfons. Two or

three programs which do not depend on each other can be executed simultaneously.
The program ready for execution, as a rule, is adjusted to the division of

the basic memory in which it must be executed, Therefore the separation of

the basic memory into divisions must be considered in the program editing

phase, When the program is to be executed in another division, it must be
edited for this division, :

- The quantity and size of the divisions are determined during the process of

generating the system or on execution of the initial loading procedure, but
_ then they can be altered by the operator during operation of the system to
satisfy the requirements of the individual problem programs.

18
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The effectiveness of the multiprogram processing depends on how success-
Ffully the basle memory 1s distributed among the divisions, In order that
the distributlon be successful, 1t 1s necessary to plan it considering the
requirements of many programs and not one specific assignment.

The divisions have names: background division, first division of the front

plan and second division of the front plan. Correspondingly the programs
executed in these divisions are called background and front plan. The

backpground programs are executed in the background division, the front plan
programs are executed in the front plan divisions. The system can process -
one background program and one or two front plan programs simultaneously

(sce Fig 3).
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Figure 3, Distribution of the basic memory in two and three
divisions during multiprogramming

Key:
B 1. Monitor zone 7. First division of the
2. Background division front plan
- 3. One of the divisions of the 8. Two divisions
front plan 9. Three divisions
4, Monitor zone 10. Increasing addresses

5. Background division
- 6. Second division of the front plan

Each division must be considered not only as a defined zone of the basic
memory, but also as a set of the basic memory zone and the external devices
with which the program of the given division operates. All of the input-
output devices connected to the computer are distributed among the divisions.
The program executed, for example, in the background division can make use
only of the input-output devices which are branched for the background
division; analogously, the front plan program works with devices allocated
for the corresponding division of the front plan.

Since in the initial program the programmer indicates the logical devices

and not the specific physical input-output devices, it is important for him
to know only which logical devices he can use in its program. Independently ‘
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of in which of these divisions (background or front plan) the program is
executed, it can use both any logical devices of the programmer and the
system logical devices. Some of the system logical devices cannot be used
in the front plan programs, Therefore there are programs, including system
programs which can be executed only in the background division. For
example, the editor program and the DOS YeS translators are executed only
in the background division.

The physical units for the used logical units are designated directly for
fuller execution of the program. This designation is indicated in the
agsignment for execution of the program which does not change the program
text. The designation of the specific physical device for the logical
device of the given division means attachment of this physical device to the
given division. The physical device belongs to the division until the
assignment is cancelled, When the assignment is cancelled, this device can
be allocated to another division.

One and the same physical device cannot be used simultaneously in different
divisions. As an exception to this rule we have the disc memories and
typewriter. In all of the divisions for the system residence the same disc
memory is used, and as the device for coupling to the operator, the same
panel typewriter. The system also permits the use of various sections of
the same package of discs by the programs of the different divisions. How-
ever, if programs are executed simultaneously which use different sections
of the same package of discs, the output capacity can drop as a result of
an increase in search time for the required information.
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Figure 4. Input flows of assignments during multiprocessing

Key:

1. Background division; 2. second division front planj 3. first division
of front plan; 4. assigmment
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In each of the three divisions the system insures the possibility of

package processing of assignments, and for each of the divisions the input
flow of assignment itself must be prepared. 1In the initial stay, that is,
after execution of the initial loading procedure, the system is tuned to
reception of the flow of assignments in the background division. The
connection of the input flows of assignments to the system in the divisions
of the front plan is realized by the operator. In ¥ig 4 we have the diagram
of the input flows of assignments in the case of multiprogram processing,

The assignment to execute the background program is accepted by the assign-
ment control program from the input flow of the background division. Inde-
pendently of the user's desire, the system always adjusts to the execution
of package assignments in the background division, and itself demands the
arrival of the next assignment after completion of the preceding assignment.
The operator cannot cancel the package processing in the background division.

The assignment for the execution of the program of the front plan is accepted
by the Assignment Control program from the input flow of the corresponding
division after the operator has given instructions to the system to begin
package processing in this division from the panel typewriter. After
starting the processing, the system itself will require the arrival of the
next assignment until the operator cancels the package processing in the
given division. After cancelling the package processing, the given division
of the front plan becomes free.

The time distribution of the processor among the programs being introduced
simultaneously is supervised by the Supervisor, using the priorities estab-
lished for the program. The background program is always assigned the low-
est priority, the priority of the program in the second division of the

front plan is higher than the priority of the background program, the program
of the first division of the front plan has the highest priority. The
priority determines the degree of urgency of the program and 1s perceived

by the Supervisor as an indication of the sequence for execution of programs
simultaneously in the basic memory. The standard operating cycle of the
Supervisor looks like the following: the Supervisor takes control on the
interrupt signal, processes this signal and ends its operation by transfer

of control to the problem program having the highest priority among the pro-
grams ready for operation (Fig 5). The program with highest priority is

free of control when a cause arises preventing continuation of the processing.
The program with lower priority will be halted as soon as obstacles to the
continuation of the program for the division with higher priority disappear.
The background programs and the programs of the front plan are included in
the ptocessing and end asynchronously.

Since the priorities are attached to the divisions, the effect achieved

during multiprogram processing essentially depends on the mixture of
simultaneously executed programs.
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Figure 5. Preparation of the Supervisor during multiprogram
processing:

Fl == first division of the front planj F2 -~ second division

of the front planj =+ ~- program transfer;=+ -- transfer by

interrupt signal

B Key:

1. Supervisor 7. Program F2 ready?

2. Nucleus 8, Program F2
- 3. Program Fl ready? 9. Background program ready?
- 4, Yes 10, Background program

5. Program Fl 11, Waiting

6. No

Communication with the Operator

The DOS YeS operating system grants the operator greater possibilities for
- control of the computing process. The operator receives information from
the system which characterizes the state of the system and the executed
programs. Having this information, the operator can make substantiated
decisions and control the operation of the system, giving directives to it.

Most frequently the panel typewriter is used for communication with the
operator. Instead of the panel typewriter the system permits the use of
an alphanumeric printer. However, in this case the possibilities of the
operator and the gsystem are limited (for example, without the panel type-
writer the multiprogramming processing mode is impossible). Hereafter it
is assumed that the panel typewriter is used as the communications device.

The messages coming from the programs to the operator can be of an informa-
tion nature and be of a question nature, For each question of the system,
the operator is obligated to give an answer, assuming the solution on the

- basis of analyzing the operating situation and give the system information
required by it to continue working. In order to facilitate the work of the
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operator, the DOS YeS messages have a standard structure, they are operuved

and equipped with an explanatory text. The operator answers also have -
standard form and are required in cases where the system permits several

versions of continuation of the work., In such cases the operator must

select and indicate for the system the specific version of the continuation.
Usually the answer of the operator to the system is short, 1s made up of

one word, for example: RETRY, IGNORE or CANCEL.

The operator is able to influence the calculation process, giving directives

to the system when necessary. Thus, by using the directives the operator

can stop the execution of the current assignment, halt the computation

process in any of the divisions after completion of the assignment or the -
assignment step for execution of certain operations (for example, with

regpect to servicing the peripheral devices).

One of the constant functions of the operator on the computer is the prepara-
tion and servicing of the peripheral devices: the changing of the packages
of discs, the loading of the magnetic tape reels, loading and unloading the
punch cards, and so on. Sometimes operator intervention is needed if an -
error occurs in the peripheral device. If an error occurs during input-
output, the system, as a rule, halts the execution of only one program among
the ones being executed simultaneously. The program halts in the division
where the device is attached at the given time, during operation of which

an error is detected. The execution of the halted program can be resumed
after the operator performs defined operations on the device. When the

device is ready, the halted input-output operation is started up automatically.
In the majority of cases in order to renew the execution of the halted pro-
gram the response of the operator from the typewriter is not needed.

The role and the responsibility of the operator increase when the system
functions in the multiprogram mode, and the operator must see to each of -
the programs being executed simultaneously. In order that the operator be
able to determine in which division the program requires attention, the
system flags each communication printed out on the panel typewriter with an
- identifier of the division that sent the message. The presence of the
division identifier and the message is necessary, for the messages of all of
the programs operating simultaneously are printed on the same panel type-
writer, and their sequence cannot be determined in advance. Thus, aftsr
a message from the background program, the message can be printed out per-
taining to any of the divisions in the front plan. If it is necessary to
follow the course of the execution, for example, of the background program
by the messages, then the operator must select messages only from the back-
ground in the typewriter output, The presence of the division identifiers
in the message facilitates this procedure for the operator.

Supervisor

The existence of the supervisors arises from the necessity for processing
_ interrupt signals and the desire to organize multiprogram processing with
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more efficient use of the machine resources, In the case of multiprogram
processing the central processor 1s awitched from one program to another,
executling all of the operations together and not in serles, The switching
of the processor is realized by the supervisor, using its program selection
mechanism encompassing the class of problems such as priorities, loading of
programs, memory distribution, distribution of the peripheral devices and
control of their operation., Among the other properties of the supervisor -
which can be used by the problem programs, it 1s necessary to know the
organization of communications with the operator, the restoration of the
functioning in the case of errors in the peripheral devices, servicing of
the timer, the creation of check points, the completion of the execution of
the programs, and the recording of system operations.

Fig 6 shows the composition of the DOS YeS Supervisor.

A distinguishing feature of the Supervisor in the DOS YeS system is the
modularity which permits the user to select only the needed functions and
capabilities which can be realized by the Supervisor from the large number
available and to generate its own supervisor realizing these functions and
capabilities. The generation of the required Supervisor permits space to be
saved in the basic memory and the time required for operation of the Super-
visor to be shortened during the functioning of the system.

To generate a specific Supervisor realizing only selected 'functions means to
create the required, specific nucleus of the Supervisor. For this purpose
the user must determine which properties (among those available in the

DOS YeS) he would like to include in the Supervisor, This determination is
made by assigning the corresponding generation parameters. The size of the
Supervisor nucleus essentially depends on the properties required by the
user. For example, the inclusion of the multiprogram processing properties
in the Supervisor nucleus increases its size by 1384 bytes, and the monitor
zone must be enlarge accordingly.

Simultaneous Execution of Programs. The simultaneous execution of several
programs is realized in the DOS YeS only if this possibility is included in
the Supervisor at generation time. The simultaneously executed programs

must be in the basic memory, each in its own division. The division in

which the program is executed is called active. If there is no program

in the division or no division in the system, then the division is considered
inactive. The background division begins always after the monitor zone;

it must be 10K bytes or more than 10K bytes, which makes it possible to
increase the speed of executlon of the division programs, including such
frequently used programs as the Assembler and the Editor.

As a result of the background division, the entire basic memory can be
- distributed between two divisions of the front plan, The size of each
i division and also its initial address must be multiples of 2K. This require-
ment arises from the method of organizing the basic memory protection
which is adopted in the YeS EVM computers and is provided for in the
DOS YeS.
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For organlzation of protectiovn, the entire basic menory ls provisionally
divided Into blocks of 2K bytes each. The blocks allocated to one division
recelve the same protect lon switeh,  The monltor zone has a protection

switeh equal to zeroj the background division, equal to one, the second
division of the front plan, equal to two, and the first division of the

front plan, three, During operation the Supervisor can see that the pro-
pram cannot reference the basle memory zone which is used by another program,
In casu of an crroneous reference, the Ye$ EVM [unified computer system]
hardware generates the "memory protect" interrvupt signal which is processed
by the Supervisor.
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Figure 6., Composition of the Supervisor
Key:
1. Monitor zone 13. Problem program zone
2. Basic memory 14, System residence
3. Nucleus of the Supervisor: 15. Nucleus of the Supervisor
4., Loader 16, Supervisor transits:
5. Channel planner 17. Processing input-output failures
6. Recognition of interrupts 18, Check points
7. Processing of machine and 19, Program for communications with
program failures the operator
8. Servicing of the timer 20, Completion

9. Memory prntection

10. Processing of fallures
11, Disc units

12, Transit zone

The provision of memory protectfon in the DOS YeS is a property which is
included in the system if the user desires it when generating the Supervisor.
If in the specific system there is no protection, then the "memory protect"
interrupt siznal is ignored, The requirement that the Supervisor react to
the "memory protect” signal 1s a necessary requirement for the multiprogram
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processing mode., Therefore on generation of the Superviaor with multlprogram
processing, the memary protect mode must also be requested,

bDuring the system generation time, the distribution of the basic memory
among the divisions can be indicated, Then during functioning of the system,
the operator can change the interfaces, In this case che redistribution

of the basic memory between the dlviaions, as a rule, 18 executed when the
front plan divisions are inactive.

In the case of simultaneous execution of saeveral programs the machine
tesources are used more completely than when executing only one program,
This is achieved as a result of the fact that there are a large number of
programs in which the processor actually dore¢ not work much of the time but
only waits for completion of the input-outpuc operations. The forced idle
time of the processing can be used by another program. Any time when the
program is forced to wait for completion of the input-output operations in
one division, the Supervisor transfers control to the other division, the
program of which is ready for execution in accordance with the priority
attached to it. The first division of the forward plan has the highest

3 priority, and therefore always when the program of this division is ready
for execution the Supervisor transfers control to it, interrupting the pro-
gram of any other division, Thus, the program with the highest priority is
always executed when it is ready for execution. With this problem selection
principle, there is a probability that the program with high priority will
be executed alone, and the Supervisor cannot transfer control to other pro-
grams. This actually can occur if the program with high priority has very
few references to the input-output devices,

For purposes of maximum utilization of the computer resources, it is
necegsary specfally to plan the mixture of simultaneously executed programs.
The mixture must have programs present in which a significant number of
input-output operations on the devices with low speed are used (the input
and output of punch cards, printing, and so on). These programs create a
heavy load on the input-output devices, but they contain a small number of
internal processing operations, and they do not make full use of the simple
processor of the computer. In the mixture there must also be a background
program of computation nature with a significant number of processing opera-
tions and with small load on the input-output devices.

The effect which can be achieved from the successfully selected mixture of
programs depends on the priority attached to the programs, The programs
requiring a significant number of input-output operations must be executed

as programs with high priority, The programs with a Jarge volume of internal
processing operations must be made with low priority, for otherwise they can
lower the carrying capacity by monopolizing the time of the central pro-
cessor for a long perilod,

Starting Up the Input-Output Operations. The operating procedure used in
the DOS YeS system with peripheral devices presupposes that the information
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about the idle time of the processor ls communicated to the Supervisor
by the program itself as a result of the fact that the program expects
completion of the input~output operation,

In vrder Lo he able to execute any Input-output operation, a chanael program
ldriver| must be prepared for ft. It 18 made up of one or several lnput-
output instructions describing the required input~output operations. The
channel program is part of the problem program itself. Always when it is
necessary to perform an input-output operation the program communicates
with the Supervisor on the necessity to start the channel program for this
operation, After receiving this request, the Supervisor proceeds with pro-
cessing of the request and determines the specific device for which it has
been made, 1If at the given time this device is busy with the execution of
a previously started operation, then the new request is stored by the
Supervisor; a queue is formed for the device, 1If the device is free and

. ready to operate, the Supervisor immediately starts the requested input-

4 output operation, transmitting information about this operation to the
device. 1In this case the start-up operation ends independently of whether
the operation has been started or it has been put in the queue, and the
Supervigor transfers control to the problem program, 1If only one problem
program is being executed, the control is returned to it; if there are
several programs being executed, the control is transferred to the program
having the highest priority and ready to operate.

The input-output operations placed in the queue by the Supervisor are
started one after the other in order of the queue. No additional requests
to start the input-output operation are neccessary from the program,

Thus, after starting the input-output operation, the processor and the device
recelving the required information can operate simultaneously. The program
which has put out the input-output request waits for completion of the
operation, and at that time the program of another division is executed.

The interrupt signals occurring during the operation of the peripheral

device inform the Supervisor about the course of execution of the input-output
operation. The Supervisor processes the interrupt signals caused by freeing
up of the channel, the control circuit, the input-output device, by pressing
the "Attention" button and also signals caused by detected errors (data
errors, failure of the device, the device not ready for operation, and so

on). On the occurrence of any interrupt signal, the execution of the pro-
gram is interrupted in any division, and control is transferred to the
Supervisor. The Supervisor undertakes the specific operations on each of

the signals.,

The interrupt signals caused by freeing of the channel, the control unit
and the input-output device indicate completion of operation of the
corresponding equipment on the performance of the operation, If the
Supervisor has established that the operation has been successfully com-
pleted, it excludes the request for this operation from the queue, it
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investigates the possibility of starting up the next operation from the
queve to this device and under favorable conditions realizes startup of
the next operation, The described operating cycle of the Supervisor is
repeated for each input-output operation, An example of simultaneous
execution of the programs in three divisions as a function of the request
for input-output is presented in Fig 7.

Each input-output device, the operation with which is provided for by the
Supervisor, must be indicated at the system generation time., The Super=
visor services only the devices which the user has indicated during the
creation of his specific nucleus, If the device has not indicated the

- Supervisor, then the system considers that it ig absent in the computer
and, consequently, no work with it is provided for.

All the operations connected with starting up the input-output operations
and also processing the input-output interrupt signals are performed by

part of the Supervisor which is called the channel planner. The channel
planner always enters into the Supervisor nucleus. However, this does not
mean that the channel planner is invariant in all versions of the Supervisor
nucleus. It is possible to indicate the properties of the channel planner
which are the generation parameters, and they are included in it depending
on what the user wants, for example:

Organization of the simultaneous execution of the input instructions for
the disc memories;

Protection of the files on the disc;
Use of the disc for systems logical circuits;
The buffering regime for messages to the operator.

The inclusion of any of the indicated properties in the composition of the
planner implies enlargement of the Supervisor nucleus. Therefore the user

- ia offered the possibility of chonsing trc C.llcwing: t:aving the smallest
Supervisor nucleus with limited properties or obtaining the best characteris-
tics during operating time as a result of enlarging the nucleus.

Organization of Simultaneous Execution of the Feed Instructions for the
Disc Memories. The channel program for exchanging information with the
disc contains feed instructions which set the read-write heads on the out-
side track of the disc, After starting the channel program for the disc
units the signal that the channel is free and the device is free will be
received by the Supervisor only after completion of the execution of all
{nstructions of the channel program. All of this time the Supervisor can=
not start up the input-output operation with any disc unit connected to
the same channel, This means that until the channel becomes free, all the
programs will be waiting which require execution of the input-output
operations for disc units connected to this channel, The channel equipment
will permit execution of feed instructions simultaneously on all the
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devices connected to the same channel, Out of the total time spent by
the channel on execution of the channel program, a significant part goes
to the feed ingtructions, and it would be possible to use this time for
other operations.

On assigning the corresponding generation parameter, the operating system
allows the user the possibility of obtaining a Supervisor which will
organize the simultaneous execution of the feed instructions on the disec,
In this Supervisor the channel planner isolates the feed instruction from
the channel program, starts it and while it is being executed, transfers
control to another program which, in turn, can send a request to execute

an input-output operation for another disc unit., When processing this

new request the Supervisor also isolates the feed instruction from the
driver and starts it, that is, two programs are serviced simultaneously.

As soon as the feed instruction is executed, the execution of the remaining
part of the driver continues, Thus, an overall increase in output capacity
of the system can be achieved as a result of more efficient use of the
computer equipment. This 1s especially significant for computers having

a large number of disc units connected to one channel.

The channel planner will isolate the feed instruction from the driver only
{f this property was requested during the generation of the Supervisor
nucleus, Otherwise the feed instructions in the drivers for reference to
the disc units will take the channel for its entire execution time.

Protection of Files on Discs. The operating system permits various problem
programs to use nonoverlapping sections on the same package of dises. These

- programs can be executed simultaneously, and then the problem arises of
organization of the protection of the files from destruction by foreign
programs.

In the DOS YeS, the file protection on the discs is organized as follows:
the information about the boundaries of the various sections of the discs
allocated to each problem program is stored in the Supervisor tables. On
any reference to the discs, the Supervisor checks the correctness of the
reference -- the problem program is permitted to reference only its own
sections. The program cannot write information in a foreign file and read
foreign information. 1f the program tries to reference a section of the
dise that it does not belong to, the Supervisor halts the execution of
this program and tells the operator about it.

The file protection mode for the disc is provided for by the Supervisor
only if this property is requested during generation time.

Use of Discs for System Logic, The method of logic units permits programs

to be created which are tied only to the type of peripheral device and do
not depend on the address of the specific physical input-output unit.
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For example, 1f the program plans to take data off punch cards, it must
take into account the specific nature of the operation of the punch card
input unit, but it is indifferent to the program from which of the punch
card input units available to the computer the data input will actually
oceur, At the same time, it {8 impossible to use another type of device,
for example, a magnetie tape for data input in place of the planned punch
card input unie.

For system logic such as the systems printer, the system data and assipgument
input and the system punch, the system provides further possibilities.

The system programs in which these logic units are used do not depend on

the type of physical devices, For each system logic there 18 a possibility
of selecting a specific type of physical device from among the available
ones. This can be either specific devices (punch card input and output,
printer) or magnetlic tapes, or dises, ‘The possibility of selecting the

type of peripheral device in each specific assigament permits efficient use
of the system resources and inereases the effectiveness of its functioning.

The dises can be used as the enumerated system devices only if this property
of the system has been requested during the generation of the Supervisor.

If this property has been requested, then parts are added tu the channel
planner which provide for monitoring the correctness of the use of the system
files,

Independently of whether the disc file protection mode is requested or not,
the system files on the discs are protected.

Buffering of the Operator Messages. All of the programs of the operating
system generate messages to the operator on the panel typewriter, Any user
program can also output messages to the operator. Since there is only one
panel typewriter in the system, and it i{s a slow unit at that (100 to 150
milliseconds 1s needed for each printed character), the time for execution
of the driver to output the message to the typewriter is comparatively large
== up to several seconds. When there are frequent messages to the operator,
- the typewriter will become a brake which slows the program execution speed.

In order to output messages to the operator on the panel typewriter the
problem program has a special subroutine, The overall functioning flow
chart for this subroutine is as follows: the text of the message is placed
in the output buffer and a request is sent to the Supervisor to output it
from this region, At any time that a new message is to be output, it is
necessary first to see that the preceding message has already been printed
out and the output buffer is free, Only then can a new message be entered.
If the preceding message has still not been printed out, then the output
buffer is busy, and the subroutine cannot prepare the next message; it is
forced to wait for the typewriter to be released, and the entire problem
program 1s idle for all of this time, The idle time can be great,
especially in the mu}tiprogramming mode, for any of the simultanecously
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executed programs can send a request for the typewriter to the Supervisor,
and a queue in formed in the Supervisor for this unit,

In this case an increase in output capacity of the system can be achieved
only when the problem program is executed simultaneously with printing
out the messapes. For this purpose it is necessary that the problem program
be able to occupy its message buffer zone until the message actually is

- output to the typewriter.

The transmission of the text of the message to the operator from the buffer
of the problem program to another basic memory buffer would be a solution
tothis problem. Since the input-output operations in the DOS YeS system
are realized by the Supervisor, it is natural that this buffer zone must
belong to the Supervisor, and the Supervisor can send a message text to it.
Thus, on receiving a request to output the message to the typewriter the
Supervigor must transfer the message text from the problem program buffer
to its own buffer and then start the message output operation for the
message in the buffer, The time for direct printing of the message on the
typewriter will be made compatible with further execution of this problem
program. This is especially significant for programs which frequently

- generate megsages tothe typewriter,

The property of the Supervisor to accept messages output to the typewriter
in its own buffer is called bufferization of the messages to the operator
and is a generation parameter. If the bufferization mode for the operator
messapes 1s required during generation of the Supervisor, then the informa-
tion to be output to the typewriter is first sent by the channel planner
from the problem program buffer to the Supervisor buffer before beginning
output. The message will be output to the typewriter from this buffer.
After transferring the message to the buffer the problem program receives
word that the operation of outputing the message to the typewriter has

been completed, and it can be executed farther just as if its message had been
output to the typewriter,

During generation the user can indicate what number of buffers must be
reserved in its specific Supervisor. The Supervisor can accept up to nine
messages in its buffers (the maximum number of buffers is nine), put them
in a queue and t»cn output them one after the other to the typewriter.

The presented examples do not exhaust all the properties of the channel
planner which are defined by the generation parameter, They are selected
for 11lustration of how the user can expand the properties of his specific
Supervisor, There are a number of generation parameters which influence
the operating algorithms of the Supervisor itself, optimizing one function
of the Supervisor or another with respect to execution time, Some of them
will be discussed further,

Input-Output Error Processing, The Supervisor executes many functions
connected with the organization of input-output during the normal course
of this operation: the keeping of queues for the devices, starting the
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Input=output vperations, processing the Interrupt slgnals on completion
of Input-output. However, the input-output operation is not always
executed correctly -~ errors can be detected during the execution process,
from easily correctable ones to disastrous ones, Lven Lf the occurrence
of errors has low probability, the operating system must provide for the
possibility of their appearance and the taking of the required measures.,

In the YeS EVM computers on execution of the input-output operations,
deviations from the normal execution of the operation are detected such as
- the tmproper length of the data, a special case in the device, various
fallures in the channel or the device. Improper length of the data, for
example, when executing a punch card input operation means that the number
of symbols input from the punch card is less than or greater than 80, A
speclal case, for example, in the structure of the input from punch cards
occurs if there are no punch cards in the feed hopper of the reader,

Such deviations as improper length of the data and the special case in the
devices do not indicate incorrect execution of the operation, and they

are perceived by the Supervisor as normal. The Supervisor transfers the
information about this to the problem program, and the program itself must
decide its future course of action, for it 1s only in the problem program
that the information about admissible or inadmissible deviations from the
norm can be available. Thus, in the program it can be taken into account
that information is prepared on the cards in only 30 columns and not in all
80.

Special attention is given to situations connected with the appearance of
failures during execution of the input-output operations, Each device and
cach operation executed by the device are controlled on their own, and the
reaction of the device to the errors is specific in many cases. This, 1in
turn, requires that each have its own procedures for elimination of the
consequences of an error. The desire to keep the programmer from having
to develop procedures to avold input-output errors and include them in his
own program has led to the fact that these functions have been transferred
" to the Supervisor.

The actions taken by the Supervisor in case of the appearance of input-output
failures are differentiated with respect to types of devices and types of
failures, Here such factors as the specific nature of the peripheral
device, the form of operation, the state of equipment at the error detection
time, the procedure for processing failures required by the problem program

- and also the degree of completeness of the actions of the Supervisor itself
in each specific case are taken into account,

- All of this information offers the Supervisor the possibility of unique

determination of what its reaction should be to each specific failure.
The Supervisor can take one of the following actions
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It can try automatically or with the help of the operator to eliminate the
Eatlure;

1t can fgnore the fallures

- It can return control to the problem program on request;
It can stop the executlon of the assignment.

An effort is made by the Supervisor to eliminate the failure without

operator intervention for such devices as the magnetic tape or disc, For

these devices the Supervisor repeats the execution of the operation in which

the failure was detected, In the case of successful repetition the operation i
is considered executed correctly, and the overall operation of the program '
continues just as if no failure had occurred. Only if errors occur on each
of the repetitions (the total number of which is fixed by the system) will
the Supervisor communicate with the operator about the presence of a
fatlure in a specific device, Then immediate dumping of the program can
follow if the Supervisor has established that no further actions of the
system or the operator can eliminate the error or additional action on the
part of the operator can be requested, i

For certain devices and types of errors the Supervisor can eliminate the
consequences of a fallure only after intervention of the operator in the
operation of the device. For example, if a punch card has jammed in the
input unit, the Supervisor reports an error to the operator., The operator
must replace the jammed punch card, and then ready the device for operation.
After this, the punch card input operation is again executed, and the
execution of the program continues.

The actions under taken by the Supervisor do not always meet with success, ;
and then the Supervisor prints out a message about the error on the panel ;
typewriter and, as a rule, requires that the operator respond how the
operation is to be continued. In the general case the operator can instruct
the Supervisor in one of the following versions of continuation:

Again repeat the actions to eliminate the error;
Ignore the error and continue to execute the program;
Halt the execution of the assignment and dump the program,

Among the input-—output errors, the Supervisor isolates the errors which do
not lead to assertion of the information and have no influence on the
course of executlon of the program, For .example, after completion of the
operation of rewinding the magnetic tape, the Supervisor discovers that
the device has established a data failure, However, during the rewind

no data are transmitted which means the data failure has no bearing on the
operation, This failure and similar ones are ignored by the Supervisor.
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The standard actiong taken by the Supervisor In the case of occurrence

of Input-output errvors can fall to satlsfy the requirements of the
spectfic program ro onc degree or another, ‘The speclfic program is a
condition to have significantly broader information about the situation
that has developed during the process of its executton which on occurrence
of erroncous situations will permit the program to find better methods of
continuation, In other words, the problem program can have its own
procedures for eliminating errors, and in this case the mission of the
Supervisor is to put these procedures into operation when an error occurd.
The Supervigsor allows the programmer the possibility of requesting the
Indication of the presence in its program of its own procedures for pro-
cessing failures of specific devices., In this case it transmits all the
information about the faillure that has occurred to the program,

The occurrence of errors during the execution of input-output operations

is posgsible, but they are rare, At the same time the number of possible
errors and the actions taken with respect to each of them are quite high

and consequently the programs realizing these procedures have large volume.
Therefore the procedures for eliminating failures are partially found in

the nucleus of the Supervisor, but they are transit programs in the basic
pass of it. The Supervisor nucleus only contains the programs for process-
ing the failures of the disc units, for not only the user programs constantly
reference these units, but also the DOS YeS system itself,

The programs realizing the above-described operations with respect to
processing input-output errors are included in any specific Supervisor,
that is, they do not depend on the parameters of the generation of the
Supervisor nucleus.

In addition, two possibilities are connected with the input-output error
processing procedures. These two possibilities are included in the Supervisor
as the user desires depending on the generation parameters. This includes
obtaining statistics on the failures of the magnetic tape and a reduction

in time spent on repetition of the input-output operation,

The keeping of the statistics about the failures of the magnetic tape
consists in the fact that during execution of the assignment the Supervisor
accumulates information about the number of failures of different types

for each magnetic tape. On completion of the execution of the assignment,
a message is printed on the panel typewriter about the number and types of
detected magnetic tape failures.,

Another capability increases the efficiency of the system in that it per~
mits a decrease in the time spent by the Supervisor on repeating the
input-output operation, When there are input-—output failures in the

cases where the operation must be repeated, usually the execution of the
entire driver 1s repeated and not only the instruction during the execution
of which the error cccurred, It is possible to reduce the time spent on
eliminating an error if the entire driver is not repeated from the beginning
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but, 1f possible only part of it beginning with the instruction triggering
the failure., 'The programmer himself determines whether it is possible to
eliminate the error in his program without repeating the entire driver as
a whole, and he reports this to the Supervisor. If this property is not
requested during generation of the Supervisor nucleus, then on repetition
of the input-output operation the entire driver is executed.

In addition to the errors in the input-output units, during operation
hardware and software failures can be detected which are also processed by
the Supervisor,

Processing Program Failures, Program failures occur if there are errors in
the program: an inadmissible operation code, a nonexistent memory address,
disturbance of the memory protection, and also on occurrence of extraordinary
situations with the data: overflow during arithmetic operations, an attempt
to divide by zero, loss of significance or disappearance of order of magni-
tude in floating~point operations, and so on.

A failure caused by a program error is perceived by the Supervisor as a
situation which it cannot correct, The role of the Supervisor in this situa-
tion reduces to most precise localization of the error and establishment

of its nature, communication with the operator about this and halting the
execution of the assignment, The message about the error is always output
in standard form to the panel typewriter. In addition, the programmer can
have a printed copy of memory when the program failure was detected. On
analyzing this program dump, the programmer can establish the cause of
occurrence of the error in this program.

A characteristic feature of program interrupt is the fact that some of them
can be masked by the user program, The program failure for which the
interrupt is masked will be ignored by the system, that is, the system does
not print out information about the failure and does not halt the execution
of the assignment.

In the standard case a program failure causes halting of the execution of
the assignment. It is possible that this outcome will not be satisfactory
to the programmer in a specific problem program. It is possible in the
program to provide in advance for the appearance of certain errors and to
take measures to find a means of continuing the program. The program could
also be executed after the occurrence of a program failure in it if the
program has included a subroutine in it for a nonstandard reaction to pro-
gram failures, for example, to overflow.

In order to be able to make use of one's own program failure processing
proceduces, the corresponding condition must be set up:

The Supervisor must know that the problem program will process the program
failures occurring in it;
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The Supervisor mugt know how to activate these procedures at the required
points in time,

The problem program itself communicates to the Supervisor that it has a
subroutine for processing the program failures and indicates the location
of the subroutine in memory, The program itself also establishes the
limits within which its own program failure processing procedures must
operate. Within the established limits the standard procedures of the
Supervisor while processing program failures are inactivated (rig 8).

The possibility of using one's own subroutine to process program failures
1s provided for during generation of the Supervisor, and it is a nucleus
generation parameter. If this property is not requested during generation
of the Supervisor, then only the standard reaction of the Supervisor to
the program failures will be admissible.

Processing Machine Failures. An interrupt for machine failure indicates
that incorrect functioning of the equipment, for example, the basic memory
or channel, has been detected. Usually this implies calling on the engineer-
ing personnel for repairs, On receiving the interrupt caused by the
machine failure, the Supervisor puts the computer in the "serious halt"
condition: any operation ceases, and all interrupts are forbidden. After
elimination of the failure, the operation of the computer must begin with
the initial loading procedure.

System Loader. One of the functions of the Supervisor is loading the pro-
grams into the bagic memory for execution.

In the DOS YeS system, all the programs are loaded into the basic memory

by the part of the Supervisor which is called the system loader. The
system loader is part of the nucleus of the Supervisor and always functions
when any program is to be loaded into the basic memory, whether it is

the transits of the Supervisor, any other programs of the operating system
or programs prepared by the user. The procedure for loading the programs
provides for solving such problems as finding the program in the external
memory, determination of the location in the basic memory where the program
is to be loaded, and determination of the point of entry into the loaded
program.

In the DOS YeS system the only place where the programs ready for execution
can be located and where they are loaded in the basic memory 1is the library
of absolute modules, The programs are entered In the library of absolute
modules by the Editor in the program editing stage,

The programs ready for execution constitute one program phase if the pro-
gram has simple structure or several program phases if the program has

a structure with overlay, The program phases in the library of absolute
modules are stored exactly in the form they will take in the basic memory
after loading, Each program phase is always adjusted to a specific fleld
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Figure 8. Processing interrupts for program failures
Key: -
1. Supervisor
2. Completion of program
3, Processing of program failures _
4, Program failure
5. Problem program
6. Indication of the presence of its own subroutine
7. Cancellation of its own subroutine
8. Subroutine for processing program failures
9. Exit to the Supervisor

of the basic memory, and can be called for execution only in this field. _
The loading address for the phase is the address of the beginning of the
field of the basic memory in which the phase will be loaded for execution.
This loading address 1s determined in the editing stage, it is stored in
the library of absolute modules, and it is used by the System Loader any
time the phase is loaded into the basic memory.

In the library of absolute modules, in addition to the text of the phase
and its loading address, the name of the phase and the point of entry into
it are stored. The phase name is the only attribute for the System Loader
by which it finds the phase in the library of absolute modules, Therefore,
whenever the phase is to be called into the basic memory, the System Loader
must be given the name of this phase,

All of the auxiliary information about the phase (the name of the phase,
the load address, the point of entry to it) and, in addition, the phase

- address in the library of absolute modules are stored in the table of
contents of the library of absolute modules. This table of contents 1s
examined by the System Loader every time a phase is to be found in the
library of absolute modules and loaded into basic memory. After the phase
with the required name has been found in the table of contents, the System
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Loader calla {t out of the library into the basic memory. This operating
algorithm of the System Loader permits the time spont by the system on
finding the phase in the library to be decreased, for the table of contents
of the 1ibrary 1s significantly smaller than the library itself,

Thusg, the program s ready for execution and ts located in the 1ibrary of

- absolute modules. How does the Supervisor determine when and what phase
of the program must be loaded into the basie memory? By its initiative,
the Supervisor loads only its own transits and the ags{gnment control pro=-
gram into the basic memory. The requests to load any other programs of the
vperating system and user programs are sent to the Supervisor by the
A'ssignment Control program and the problem programs themselves.

The Assignment Control program determines from the agsignment {tself the
name of the program, the exccution of which is required in the assignment.,
The Assignment Control program indicates this name in the request which 1t
addresses to the System Loader, After receiving the request to load, the
Supervisor finds the required phase in the library of absolute modules and
loads it in the basic memory in accordance with fts load address. Then

the phase {s activated, and takes control immediately after loading if this
is the only program in the computer. 1If several programs are being executed
simultaneously on the computer, the phase will receive control in accordance
with the division priority in which it is loaded.

After the loaded program has been executed, the Supervisor, on its own
inftiative, calls the A ssignment Control for taking the next assignment.

If the program has a structure with overlay, then the Assignment Control
generates a request to the Supervisor to load only the basic (first)

phase of the program. The request to load the remaining phases must be

generated by the program itself. Depending cn the type of request, two cases

are distinguished: after loading control is transferred to the loaded phase

or the phase making the request continues to be executed.

When making the request to load, in addition to the name of the phase, the
programmer can give the loading address and the point of entry. 1If this
additional intormation is assigned, it is given priority over that informa-
tion which accompanies the phase in the library of absolute modules.

The System Loader never processes the text of the loaded program. It only
copies the program stored on the disc into the basic memory.

During operation on a computer in the multiprogram mode, the user can need
to have the same program executed in different divisions, 1In the general
case whenever the program i{s to be executed in a division other than that
for which it was prepared, this program must again be edited. At the same

R time the addressing procedure used in the YeS EVM computers makes it possible
for the programmer to create a program which will be invariant with respect
to the location of it in the basic memory, In the YeS EVM computers, the
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addressing procedure 18 such that the basic part of the program text will
not change when the program is moved; only the address constants and the
input~output instructions depend on the load address, the number of which in
the program is not so preat, The programmer can include instructions in the
text of the program which corrects the address constants and the input=-
output instructions of the program itself during execution in accordance
with the loading address.

The program written in this way can be loaded in any division of memory:

it does not depend on the specific loading address. In the DOS YeS system,
such programs are called self-displacing. For determinacy, in the editing
phase of the self-displacing program, a loading address of zero is formed,
and by this attribute the Supervisor can distinguish the self-displacing
programs from the nonself-displacing ones. When a request comes in to load
self-displacing programs, it is loaded in the division from which the
request to load it was made. During execution the program itself can
generate a request to load other of its phases which also must be self-
displacing. The loading address must be indicated in the request.

The System Loader is a part of the Supervisor nucleus, for it is used quite
frequently both by the Supervisor itself to call its own transits and the
silent control program and by all the remaining programs. The described
functions of the System Loader do not depend on the generation parameters
and are provided for in any specific Supervisor. Nevertheless, one of the
nucleus generation parameters has a direct effect on the operation of the
System Loader. During the loading process the System Loader references the
discs: it reads the table of contents of the library of absolute modules
from the disc and also the requested phase from the library itself., Just as
any program, the System Loader is obligated to wait for completion of
execution of the read operations from the disc which it has requested. Dur-
ing this waiting when operating in the multiprogram load, problem programs
could be executed, However, this capability is provided for only if it is
requested at the time of generating the nucleus, 1f this property has been
requested, then a special mode 1s set up for the execution of the input-
output operations requested by the Supervisor itself during which the time
that the Supervisor waits for completion of its own input-output operations
can be used for execution of problem programs. Otherwise, the computer is
idle for all of this waiting time,

This property improves not only the operating algorithm of the System Loader,
but also other parts of the Supervisor which request the execution of input-
output operations, for example, the transits for processing the input-output
errors.

Program for Communication with the Operator, An important role in the
Supervisor is played by the programs which communicate with the cperator

and permit the operator to influence the computation process. This possibil-
ity 1s made available to the operator by the programs available in the
Supervisor which are called Attention programs., During operation of the
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system, the times at which the operator will intervene in the operation of
the system are not determined either in time or with respect to the place
in any of the programs. These events can be determined only by the
operatox, and the duty of the system in this case is to glve attention to
the operator any time he requests it,

In the DOS YeS system when the operator has determined that he must give
an instruction to the system, he reports this to the Supervisor through the
panel typewriter., The operator presses the "Attention" button on the panel
typewriter, and this signal is picked up by the Supervisor as an indication
that the operator requires transfer of control to him. The Supervisor
informs the operator of readiness to take his instructions, sending the
corresponding message to the typewriter, after which the operator can input
his instructions from the typewriter which are then received and processed
by the Attention program. After all of the directives planned in the given
control sequence have been entered, the operator reports the end of the
communications session to the system,

The most important of the functions executed by the operator in controlling
the DOS YeS system are the following:

Starting up operations in the divisions of the front plan;
Redistribution of the basic memory among the divisions;
Halting the execution of the assignment in any of the divisions;

Halting the package processing of the assignments, requesting a break after
completion of execution of the current assignment or assignment step in
order to give additional instructions for the next assignment during this
halt time or to service a peripheral device;

Indicate which of the divisions the timer can use.

The operator can request that the system give him detailed information
about the executed assignments, the distribution of the basic memory among,
the divisions. The list of directives of the Attention program is presented
in Table 1.

The functions provided for by the Attention program do not include the

entire list of operator possibilities in the DOS Ye$ system, The Attention
- program only realizes the functions which are of a universal nature,
- are applicable for the program of any division and the execution of which
can be requested at any point in time. In addition to these universal
control capabilities the system grants the operator other possibilities
which permit him to participate in preparation of the assignments for execution
on the computer, For example, in the interval between assignments the
operator can reassign specific physical devices for the logic used in the
agsignments, request the execution of control operations for the magnetic
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tape, forbid the use of a specific input-output device, This type of
capabllity Is venllzed not by the Supervisor, but by the Assignment Control
program, for the necessity for these capabilities arises, as a rule,
between assignments, and it is during this time that the Assignment Con-
trol program functions in the system, More details will be given about
this later,

Table 1
. List of Attention Program Directives
Directive Function
ALLO. Permits distribution of the basic memory among the
divisions
MAP Causes printout of information on the distribution of

the basic memory among divisions on the typewriter

CANCEL Permits removal of the assignment, that is, halting the
execution of the current assignment

BATCH Permits the beginning of package processing in the
division of the front plan or continuation of the execu-
tion of an operation halted by the operator

START Permits resumption of execution of an operation halted
by the operator.

TIMEﬁ Permits indication of the division in which the timer
will be used to control the time interval

- MSG Permits activation of the subroutine for communication
with the operator in the problem program being executed
in the front plan division

PAUSE Requests a pause, that is, permits indication to the
system of the necessity to halt the processing of the
input flow of the assigmnments after completion of the
next step of the assignment

LOG Permits a request to print out the controlling operators
and directives of the input flow of the assignments on
the typewriter

NOLOG Permits cancellation of the printing of the controlling

operators and directives of the input flow of assignments
on the typewriter
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The possibilities which are made available to the operator by the Supervisor
and Assignment Control program can be insufficlent for the specifle problem
program, Durlng the process of exccution of the problem program the
operator can execute nonstandard funations specific only to this program,
Ineluding with respect to controlling the course of execution of this pro-
gram. All of the nonstandard functions of the operator must be realized by
the problem program itself. ‘The Supervisor must know about the presence in
the problem program of the program for communication with the operator
itself, and the Supervisor must know how to transfer control to it to get
around its Attention program,

This property which permits the problem program to use its own subroutines
for communication with the operator is a Supervisor generation parameter.

If the Supervisor has this property, then each of the simultancously exe-
cuted problem programs can have its own subroutine for communication with
the operator. If this mode is not requested, then the operator can use only
the standard directives of the Supervisor and the Assignment Control.

The Attention program is made up of several transit phases, for as a rule
operator intervention is of an intermittent nature.

Servicing the Timer. The equipment of the YeS EVM computers Includes the

- timer -- a clock -- which permits the system to keep time. By using the

- timer, the Supervisor traces the current time and controls the time interval.
The timer calculates the time just like an ordinary clock. We shall consider
that it calculates and indicates absolute time. The timer readings can be
picked up and used by the operating system program and by the user program.
For example, the Assignment Control program, using the timer readings,
prints out a message about the time of beginning and end of the assignment
and 1its execution time. Any program can pick up the current time of day
independently of what division of the basic memory it is being executed in.

The Supervisor can use the timer as a clock which tells when a previously
assigned time interval is up. The size of the time interval is determined
by the problem program and it is used on inspection of {t. The Supervisor
grants the problem program two versions of using the time intervals. One
of them 1s to establish the waiting time interval, that is, the time during
which the program is not executed. 1Its execution will be continued on
expiration of the required time interval beginning with the location where
it was halted. Another version is to establish the operating time interval
of the program, that is, the time during which it Is allowed to be executed.
On expiration of the given interval the normal execution of the program is
interrupted, and the control will be transferred to its subroutine in which
the previously planned operations with respect to processing this interrupt
signal from the timer can be executed, For example, a subroutine can
undertake special operations in the case where the planned limit for execu-
tion of the program has been exceeded, In the problem program it is
impossible to use both versions of control of the time interval simultaneously.
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There 18 only one timer system, and it can be used to control the time
interval in only one program of those belng executed simultaneously. It

is attached to the division in whieh the program is executed which 1s using
it for controlling a time interval., During this period the timer cannot be
used in other divisions to control a time interval. ‘'he attachment of

the timer to a division is realized by the operator during the functioning
of the system. The operator knows the division in which a program is using
the time interval control, and at the corresponding time attaches the timer
to the given program using the TIMER command of the Attention program.

As a rule, the timer is attached to the division for the entire time the
program is being executed in this division, using the time interval control.
1t is possible to attach the timer to one of the divisions also during
generation of the system, and then all of the programs using the time
interval control are executed in the division in series one after another.

When working with the timer it 1s necessary to consider that it reckons an
absolute time interval. In the multiprogram mode this means that the time
interval established by one program includes in its execution time not only
this program itaself, but also the rest of the programs simultaneously
executed with it. For example, the program has established an operating time
interval of 15 seconds. After 15 seconds its execution i{s interrupted even
though during this time it has been executed, let us say, only 8 seconds,

and programs in other divisions have been executed for 7 seconds.

The timer service subroutines are part of the Supervisor nucleus, and they
are included in the nucleus depending on the generation parameters.

_ The timer, just as any other input-output device, must be included during
generation of the system in the devices serviced by the DOS YeS system.
1f its presence is not indicated during generation of the Supervisor, it is
considered that there is no timer on the computer, and none of the functions
of working with the timer will be provided by the Supervisor. 1f the timer
is included in the devices gerviced by the system, then any program can use
the timer to obtain the current time of day. The possibility of using the
timer in the problem program to control the time interval must be requested
specially during generation of the Supervisor. If it is not requested, then
the supervisor will only provide for keeping the time of day, and the time
interval control functions cannot be used.

Creation of Check Points. When writing the program specially if the execution
time of the program is large, it is necessary to show concern in advance for
its reliability and its stability with respect to possible equipment failures.
The instability of the program with respect to equipment errors can lead

to the fact that during execution of the computer the emergencies that arise
will require starting its execution over again although a significant part

of the work has been executed properly. All of the useful results will be
lost, and it will be necessary to obtain them again if a plan has not been
provided in advance for repeating the program from the check point.
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The check point 18 a loeation in the problem program in which it is most
convenient to have exhaustive information about the cutrent state of the
program and the system so that it is possible to continue the execution of
the program from this point in case of emergency., An example of a place
where it {8 recommended that a check point be created in the program having
an {terative nature 18 the completion of one or several {teration steps.

The creatlon of a check point means storing and retaining the state (photo=-
graphing) of the problem program at the required point in time. Repeatedly
starting the program from the check point means to resume execution of the
problem program from one of the created cheeck points in the case where the
execution of the given program is halted for any reason before normal comple-
tion. For example, one of the reasons causing halting of execution of the
assignment can be failure of the magnetic tape mechanism used in the given
program. On replacing the failed tape-drive mechanism and making use of
the information stored at the time of creation of the check point, it is
pogsible to restore the state of the program and the system and resume
execution of the program at this check point.

In the DOS YeS, the state of the program and also certaln Information about
the state of the system are stored at the check poilnt. The check point
information i8 stored in the external memory ==~ on magnetic tape or on a
disc in accordance with what the user has instructed the unit.

The indication of the location at which a check point must be set up is
contained {n the problem program itself. The programmer writes a special
operator at that point in his program where the check point must be created.
The direct storage of information (the creation of the check point) is

done by the Supervisor. At the check point it stores, for example, the
information such as the contents of the memory divisfon in which the problem
program is executed, the contents of the common registers, information

about the segments of the files on the dises used by the program and the
information about the position of the magnetic tapes. However, this informa-
tion 1s still insufficient for organization of the check point at any location
of the problem programs and starting from {t. The check point does not
contain, for example, information about the auxiliary functions of the
Supervisor used {n the problem programs (the presence of its own subroutines
for processing the program failures and organization of communications with
the operator, the timer readings); it does not contain information about the
position of the data carriers on all of the other input-output devices

beside magnetic tape, and so on., All of this information must be restored
when starting at the check point. Thus, the location fn the problem program
where the check point is created must be carefully selected by the programmer.

The possibility of creating check points is provided for by the Supervisor
always independently of the generation parameters, The programs for
- creating the check points are Supervisor transits,
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Completion Program. Information must necessarily go to the Supervisor about
the beginning and end of execution of the problem program, On receiving

a request to execute the program, the Supervisor readies the system and in
turn, its operating tables for activating the program., The Supervisor
receives an indication that it is necessary to start up a program from the
Assignment Control, it starts up the program, it monitors its execution,
processes all of its requests, controls the errors that appear, and so on,
but it does not establish the rules determining the operating time of this
program. The completion time of it 1is determined by the problem program
{tgelf, and this 1s communicated to the Supervisor. The mission of the
Supervisor is on completion of the program to remove the information about
the completed program from its work tables and inform the operator of this,
gsending a completion message.

After completion of the program, the division in which it was executed is
congidered free; all of the peripheral devices which were used by the
completing program are also free, and the entire division is ready to

accept a new program. In order to accept the next assignment from the

input flow of the free division and to prepare the system for its execution,
the Supervisor calls the Assignment Control program into the free division.
Thus, after completion of one program the system automatically proceeds
with the acceptance and execution of the next program without operator
{ntervention. This program completion mechanism permits package processing
of assignments.

The reasons for completion of the program can be the following: the natural
end of execution, the halting of execution plan inthe program itself on
occurrence of defined conditions; the request of the operator to halt the
execution of the program; any failures (the program failures, input-output
failures) making further execution of the program impossible. Only the
natural end of execution is normal conclusion of the program; all the remain-
ing causes, independently of the source of their occurrence, are perceived
by the system as abnormal conclusion. On recognition of the situation indi-
cating an abnormal conclusion of a problem program, the system halts the
execution of the assignment (dumps the assignment), reports this to the
operator, indicating the cause of abnormal conclusions and executes certain
additional operations (for example, dumping the division of the basic memory
in which the program was executed).

The basic memory is dumped if the problem program has requested a DUMP in
its indication of an abnormal conclusion and also for any abnormal conclu-
sion if the DUMP regime has been set up in the Supervisor. The DUMP mode
can be estahlished by the programmer in his assignment or it can be
established for all assignments, and then it must be indicated as a standard
mode of the Supervisor during generation.

Just as in the case of normal completion of a program, the Supervisor, on
execution of all of the procedures with respect to abnormal conclusions,
calls the Assignment Control program for acceptance of the next assignment.
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This means that independently of normal or abnormal conclusion of the
agsignment, package processing can be used.

Use of the Supervisor Functions in the Problem Program. The Supervisor
executes the majority of its functlons by problem program request. These
are, for example, the execution of the input-output operations, loading the
program phase in basic memory, creation of a check polnt, and use of the
timer.

Every request to the Supervisor is a defined sequence of instructions con~
tained in the problem program. These instructions prepare the information
which must be transmitted to the Supervisor, and they realize reference to
the Supervisor directly with the help of a special imstruction which is
available in the YeS EVM computers, In order to facilitate the coding of
these requests for the programmers writing their program in Assembler, a

set of special operators are provided -- the Supervisor communication
macroinstructions. The macroinstruction operation code defines the function
which must be executed by the Supervisor, and the parameters give the
information required by the Supervisor to execute the function. During the
translation of the initial problem program using macroinstructions, each
such macroinstruction is replaced by a series of the Assembler operators --
macroexpansion selected from the corresponding macrodefinition as a function
of the parameters given in the macroinstruction. The macrodefinitions of
all of the macroinstructions for communication with the Supervisor are
stored in the library of initial modules. The flow chart for replacement of
the macroinstruction by the corresponding macroexpansion is given in Fig 9.

In the DOS YeS system there are macroinstructions for requesting the follow-
ing Supervisor functions in the problem program:

Loading the program phases into basic memory;
Starting the input-output operations and waiting for completion of them;
The creation of check points;

Indication of the presence of the programs on subroutines for processing
program failures and for organizing communication with the operator;

The use of the timer :o obtain the current time of day or control the time
interval;

Indication of normal or abnormal completion of the programs;

Indication of the necessity to print out a defined segment of the basic
memory or an entire division in which the program is executed;

Obtaining information from the communication buffer.
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ALl of the functions except the last werc characterized previously when
describing the properties of the Supervisor. Let us explain what the
macroinstructions are used for by means of which the problem program can
recelve informdtion from the communications region or common.

The common is a segment of the basic memory in the controlling program or
monitor zone containing information such as the name of the assignment, the
- program switches, the address of the beginning and end of the division,
the address of the end of the program, and the calendar date. The problem
programs executed in different steps of the same assignment can transmit
information to each other through the common. The common zone contains a
great deal of other information which is used in the operation of the
operating system itself by the controlling program or monitor and the other
programs of the DOS YeS system, Information is put into the common for the
most part by the Supervisor, During operation of the system, a defined
part of the common can be used by the problem program. For example, the
problem program can set and read the program switches, obtain the calendar
date and the name of the assigmment in order to include them in its output
summary or reports. The problem program can obtain information from common
or change the contents of common by using macroinstructions.

The use of a ‘defined group of macroinstruction presupposes that the Supervisor
knows how to realize the simplified functions. Many of the Supervisor func-
tions are generation parameters, including the functions which can be
simplified by the problem program.

The basic Supervisor functions are listed in Table 2, and the ones of them
which are generation parameters are noted. By the properties executed by
the Supervisor on request from the problem program macroinstructions are
presented by means of which these properties are requested by the problem
program. For example, the creation of the check point is requested by the
problem program by using the macroinstruction CHKPT.

Table 2
Basic Functions of the DOS YeS Supervisor
-~ 7 Macroinstruction
Function Generation’ for communication
parameters with Supervisor
(1) (2) 3
Multiprogramming Yes . -
Memory protection Yes -
Program (phase) loading No FETCH, LOAD
Organization of communications with
operator No -
Starting the input-output operations No EXCP, WAIT, CCB
Processing the input-output interrupts No -
Standard processing of input-output
failures No -
49
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[Table 2, continued]

) (2) 3
Keeping statistics on the magnetic tape
failures Yes
Standard processing of program failures No -
Processing of machine failures No -
Completion of assignments No EOJ, CANCEL
- Dumping memory Yes DUMP, PDUMP
= Servicing the common area No COMRG, MVCOM
Creation of a check point No CHKPT, STXIT, EXIT
Use of user subroutines in the problem
program:
For communication with the operator; Yes
For processing program fallures Yes
Protection of the disc files Yes -

Isolation of the feed instruction from
the channel program [driver] for the
discs Yes
Use of discs for system logic Yes
Bufferization of messages to the operator Yes -
Servicing decimal and floating-point

arithmetic Yes -

- Servicing the timer Yes SETIME, GETIMB
Control of a time interval Yes TECB, WAIT
Distribution of basic memory among

divisions Yes -
Adjustment for the required composition

of the input-output equipment Yes -
Determination of the number of logical

units for each of the divisions Yes -
Establishment of standard assignments for

tne logical units Yes -
Establishment of the standard operating

conditions of the system Yes -

Assignment Control

The basic purpose of the Assignment Control program is to accept the assign-
ment from the input flow of assignments and prepare the system for execution
of the received assignment, In other words, the Assignment Control program
must receive the information~description of the operation, the execution of
which is required, and this information-description is placed in the operating
' tables of the controlling program for use of it during the entire assignment
execution time, The description of the operation includes the information
such as the program name, the names of the files with which the program will
work, the correspondence between physical and logical units used in the
program, specific operating conditions of the system required for performing
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the planned operation. Without having all of this information, the system
cannot perform the operations,

The description of the operation is put together by the programmer in the
Asgipnment Control language., The writer is provided with the descriptions
by the controlling operators permitting standard preparation of all of the
information required by the system for execution of the operation, An
example of the input flow of assignments is presented in Fig 10.

The assignment is received and processed by the Assignment Control program.
It picks up all of the controlling operators from the initial division flow,
controls their correctness and prepares the system for execution of the
received agsignment,

The Assignment Control program functions in the system at the time of
transition from the execution of one program to the execution of another.

Any time when the execution of a problem program is completed, the control
is transferred to the Supervisor which calls the Assignment Control program
into the basic memory. Without requiring any additional instructions from
the operator, the Assignment Control receives the next assignment from the
input flow of assignments. The Assignment Qontrol reads and processes the
controlling assignment operators one after the other until the operator is
read which requests execution of the problem program. On receiving this
operator, the Assignment Control considers that the description of the
operation is complete and the assignment contains no other information
required for execution of the requested program; consequently, it is possible
to send the Supervisor a request to load and execute the program,

The requested . program is loaded into the basic memory and executed. After

_ the execution of the started program is completed, the Assignment Control
will again be called by the Supervisor into the basic memory for acceptance
of the next assignment operators. Among the remaining operators there can
be operators which describe other assignment steps. A special operator --
the end of assignment operator -- informs that there are no more steps in

- this assignment. 1If it is discovered that all of the steps (or the only
step) of the assignment have been executed, the Assignment Control program
initializes the system, removing all information from it pertaining to the
completed assignment and proceeding with the acceptance of the next assign-
ment.

The described flow chart presupposes that the initial flow of assignments

is constant, If for any reason the input flow is exhausted (the assignments
have been completed or the operator has not put them in the initial assign-
ment flow), the Assignment Control program reminds the operator of the
necessity for preparing the SYSRDR unit. The package processing in the
division where the input flow has ended 1s halted, The Assignment Control
waits for the operator's decision, The operator can prepare a new input
flow, putting the assignments in the SYSRDR reader, report that the device
1s ready and after this the package processing in the divisions will resume.
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Figure 10. Example of the input flow of assignments:
1 —- beginning of the EX2 assignment; I1 -- end of the EX1 assign-
ment; IIT -- end of the program data and step 2; IV -- execution
of the edited program; V -- call of the editor for editing the
program; VI -- end of the Assembler and step 1 data; VII --
Assembler call operator; VIII -- operator for establishment of
the required system modes; IX -- operator for assignment of a
physical device as logic; X -- beginning of the EX1 assignment.
Key:
1. EX2 assignment
2. EX1 assignment

3, Stepl
4, Step 2
5. Step 3
6. Data

7. Direction of processing

A characteristic feature of the operation of the Assignment Control program
is the fact that it always is executed in the problem program zone in
contrast to the Supervisor which is always located and executed in the
monitor zone. Here the Assigmment Control is called by the Supervisor into
the basic memory division in which the execution of the program has been
completed. Thus, the Assignment Control receives the assignment in the
division in which the requested program will be executed, After output of
the request to the Supervisor to load the problem program the Assignment
Control is not needed in the division, for at this time all of its fumc-
tions with respect to preparation for execution of the problem program
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have already been executed by the Assignment Control. Therefore the
Supervisor considers that the entire division is free and the required
problem program can be loaded in it,

All phases of the Assignment Control program are permanently stored in the
library of absolute modules, and from it the Supervisor again callg the
Asgignment Control into the basic memory any time the execution of a pro-
gram of the DOS YeS system itself or a program prepared by the user has
completed its execution.

On recelving information from the Assignment Controlliug operators, the
Assignment Control program uses this information to execute the following
basic functions:

Designation of physical devices as logical units;

Establighment of the operating mode of the system;

Editing and storage of information about the volume and file marks;
Preparation of the program for repeated starting from the check point.

The information required by the Assignment Control for performance of the
assignment functions can be delivered not only by the programmer, but also
the operator. In order to delimit possibilities which the Assignment Control
grants to the programmer and the operator, there are control operators and
directives in the Assignment Control language: the programmer uses the
controlling operators to compile the operating assignment, and the directives
are used by the operator, who enters them in the input flow of assignments
or from the panel typewriter. The 1ist of controlling operators and assign-
ment control directives is presented in Table 3.

Assignment of Physical Devices as Logical Unitg. As has been noted, by
using the apparatus of logical units the DOS YeS system insures independence
of the programs with respect to the specific physical devices. This
apparatus contains the procedures for designating the physical devices as
logical units and also a mechanism for maintaining and using the established
correspondence during the operating process.

Many devices of one type can be connected to the YeS EVM computer. This
creates defined conveniences in operation and increases the system reliabil-
ity. For example, if a device has failed, or is in preventive maintenance,
the system can operate with another device of the same type. The YeS EVM
computers which are available to the different users can have a different

- number of devices, and the physical addresses of these devices are also
different. The desire to make the programs independent of the specific
address of the input-output device 1s natural, The program which 1s
adjusted to the address of the specific device directly before execution
itself can be executed on any of the computers which include the types of
devices used in this program. It %s convenient for the users to exchange

- such programs, for they can be executed in a required configuration of the
devices without any alterations.
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Table 3

List of Controlling Operators and Directives of the Assignment Control

Purpose

Controlling
operatoy

Directive

Function

Agsignment
identification

/1308

/&

First assignment operator
determines the name of the
asgignment

Last assipnment operator

File
definition

//TLBL

//DbLBL

//EXTENT

/*

Reports information needed for
the creation and checking of
the file marks on the magnetic
tape

Reports information needed for
the creation and checking of
the rile marks on the disc
Reports information on the
section protected by the file
on the disc

End of file (assignment step)

Transmission
of informa-

tion to the

program

/ /LBLTYP

//OPTION
//upst

//DATE

Determines the basic memory
size which must be reserved in
the problem program field for
processing the tags
Establishes the operating con-
dition of the system
Establishes the program
switches in the common area
Establighes the date for the
program

Control of the
flow assign-
ments

//PAUSE

PAUSE

CANCEL
STOP

UNBATCH

Halts the input of the con-
trolling operator; the system
waits for the operator's
instructions

Asgignment removed

Package processing in the
division halted temporarily,
and this division is in the
waiting condition until the
operator starts it again using
the Attention instructions
Package processing cancelled
in the front plan division,
and the division is cleared
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[Table 3, continued]

Purpose

Controlling
operator

Directive

Function

Establishment
of system
parameters

ALLOC

MAP

SET

Permits the operator to re-
distribute the basic memory
among the divisions

Causes the distribution table
for the basic memory among the
divisions to be printed out

on the panel typewriter

Is used to establish the data,
time of day, and program
switches in common, the number
of rows on a page of systems
text and certain other informa-
tion

Communication
with
operator

//1.0G

/ /NOLOG

LOG

NOLOG

KT

Permits placement of any
operator comment in the
assignment

Indicates the necessity for
system printout or output to
the panel typewriter of all of
the controlling operators and
assignment directives

Cancels the LOG regime estab-
lished by the operator or
directive

End of communications with the
operator

Control of
the input-
output devices
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/ /RESET

//L1STIO0

/ /CLOSE

[ MTC

ASSGN

RESET

LISTIO

CLOSE

MTC

DVCDN
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Used for designation of the
specific input-output devices

a logic unit

Establishes standard or perma-
nent designations for logical
units

Used for printing out the

table of assignments to the
logical units

Used for completion of work
with the files on magnetic tape
or on discs

Indicates the control opera-
tions for the magnetic tape
Permits the operator to commun-
lcate to the system that the
specific input-output device
has become unfit and cannot be
used by the system
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{Table 3, continued]
Controlling
Purpose oparator Directive Function

pvcup Permits the operator to
communicate information to the
gystem that the specific input-
output device forbidden by
him with respect to the DVCDN
directive can be used by the
system
UNFA Permits the operator directly
to cancel the designations of
all of the logical units in
the front plan division
ucs Establishes correspondence
between the binary codes for
the information to be printed
out and the printed symbols
Execution //EXEC Requests execution of the pro-
of the gram, the name of which is
program indicated in the operator
//RSTRT Realizes starting of the pro-
gram from the check point

The independence of the problem programs with respect to the addresses of
the input-output devices is insured by the fact that the programmer is
permitted to indicate only the symbolic name and type of this device for
each unit used, that is, it is not the address of the input-output device
that is indicated, but some '"logical unit" defined by the symbolic name.
Thus, specific addresses of the input-output devices are excluded from the
program, and the program deals only with the logical units. Obviously in
order to execute the program in which the logical units are used, directly
before execution the logical units must be placed in correspondence to the
addresses of the actual units available on the computer. The procedure for
establishing correspondence of the actual and logical units is called the
aggignment of the physical unit of the logical unit.

The information about assignment of the physical units of logical goes to
the programmer or the operator in the assignment to work with the help of
the controlling operators or the directives of the Assignment Control
language, The Assignment Control program realizes the designation requested
in the assignment, The designation established by it is used by the system
when executing all of the input-output procedures.

The symbolic means which the programmer can use in his program for referenc-
ing the devices are written in the form SYSnnn where nnn is the number of
the interval from 0 to 244 or gpeclal values of RDR, IPT, PCH, LST, LOG,
LNK, RES, SLB, RLB can be used as nnn. The SYS000-SYS244 logical units
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are called the programmer logical units} specific devices of any type can

be designated for them,

For example, the SYS001 logical unit in one pro~

gram can be used for operation with the unit for input from punch cards,
and 1n the other for working with magnetic tape.

The logical units of the SYSRDR, SYSIPT, and SYSLST type are designated

system loglcal units, for they are used by the programs of the DOS Ye$
asystem itself and admissible types of devices are established for them.
However, this does not mean that the system logical unit cannot be used

in the problem program.

When necessary the problem program can make use

of these logical units for the same purposes as the DOS YeS system itself.

In Table 4 a 1list of system logical units is presented, and the types of
physical devices which can be assigned to them are indicated.

The Assignment Control sees to the correctness of the assigmments indicated
by the programmer and the operator, for example:

The same physical unit cannot simultaneously be assigned to different
divisions (except the designation for SYSRES and SYSLOG):

In certain cases and in one division one and the same physical unit must
not be designated for the various logical units;

For the system logical unit, the physical device must be designated among
the admissible types of physical devices for {t.

Table 4

List of System Logical Devices

System Logical Devices

Name

Purpose

Type of physical device

SYSRES
SYSRDR

SYSIPT

SYSPCH

SYSLST

SYSLOG

SYSLNK
SYSRLB

SYSSLB

System residence
System assignment input

System input

System punch

System print

System register

Data input for Editor
Personal library of the
target modules

Personal library of the
initial modules

Disc

Punch card input
Magnetic tape
Disc

Punch card input
Magnetic tape
Disc

Punch card output
Magnetic tape
Disc

Printer

Magnetic tape
Disc

Panel typewriter
Printer

Disc

Disc

Disc
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The system distinguishes three types of purposes: standard, permanent
and temporary.

The standard is the purpose which is carried out during the system genera=
tion. It is characterized by the fact that the adopted correspondence of
the logical and physical devices goes into force from the time of execution
of the initial loading procedure, and it remains during the entire time of
operation of the system, The standard designations are made only for the
background division, and they are absent for the front plan divisions.

The purpose which the operator carries out with the help of the designation
directives can be permanent or temporary. The permanent designation can-
cels the gstandard designation for the logical unit and then for the entire
time that the system operates it acts as a standard. The permanent desipgna-
tion can be cancelled either by a new permanent designation or by the
initial loading procedure, At each specific time the standard and permanent
degignations are equivalent with respect to use by the system. They are
distinguished by the fact that the standard designation is established
during generation of the system, and the permanent one, during work with
this system, Standard designation is restored during the initial loading
procedure.

The temporary designation is characterized by the fact that it remains
active only within the limits of one assignment and replaces the standard
or permanent designation during this time. After completion of the per-
formance of the assignment, all the temporary designations for the logical
devices are cancelled, and the standard or permanent designations for them
go into effect.

Using the control operators of the Assignment Control, only the temporary
designations of logical addresses of the devices for the logical units are
used, that is, all the designations which the programmer makes remain valid
only within the 1imits of its assignment. For the next assignment its own
designation must be made. In the cases where the standard or permanent
designations coincide with those which the programmer requires, it is
unnecessary to prepare the controlling designation operators for the assign-
ment. The system time and the programmer's ethics are saved.

For example, for the SYSRDR logical unit during the system generation, a
specific card input unit can be designated, The programmer can change his
purpose, designating a specific magnetic tape in his assignment for the
given logical unit., After completion of the assignment, the standard
designation is restored, that is, for the SYSRDR logical unit the card
reader is designated,

At the same time, just as with the help of the controlling operators of the
Assignment Control it is possible to perform only temporary assignments,
the permanent assignments of the operator remain valid from assignment to
assignment. This offers the operator the possibility of operative inter-
vention in the computing process in cases where it is necessary for any
reason to replace one physical unit by another.
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The role of the operator is especially great when assigning the units for
the front plan division. For these divisions the standard designations

are made during generation of the system. All of the designations for the
front plan programs, as a rule, operate only within the limits of one
agsignment. Only the operator can indicate to the system that in the glven
front plan division the designations made for a specific assipnment must

be retalned even after completion of the assignment. Thus, these designa-
tions become permanent, and thelr action is analogous to the action of the
permanent designations for the baeckground division. ‘They remain valid until
the operator tells the system to cancel these designations or on execution
of the Initial loading procedure,

All of the designations of units are realized by the Assignment Control
program. After completion of the assignment it cancels all of the temporary
designations and restores the permanent and standard designations which the
operator has not changed during the system operation.

Establishment of System Operating Conditions, The program components of the
DOS YeS system provide the programmer with a number of services, each of
which can be used independently of the rest. Thus, the translator from

the Assembler language can if the programmer desires punch ohjective modules
or not do this; the Assignment Control can print out all of the controlling
operators on the typewriter or not. The DOS YeS system has means to indi-
cate the required type of services in each assignment. The set of indicated
services creates a defined use condition for the system or operating condi-
tion of the system. 1t is possible to consider the conditions established
for the operation of the translators and the Editor, for the Assignment
Control program itself, the program completion conditions and also the
operating conditions of the system with information about the file marks
separately,

Each translator provides the capabilities which it executes or does not
execute depending on whether the programmer requests them or not. For
example, depending on the programmer's instructions the translator can:
Place the objective module on punch cards, magnetic tape or disc;

Put the objective module on a disc for subsequent editing;

Print out the inftial module;

Print out the list of all errors detected in the initial program;

Print out the table of symbolic names used in the initial program,

This type of information is output by any translator, and therefore it is
important to standardize the form in which these instructions are given to

the translators by the programmer and also to determine the times when the
proprammer must give these instructions.
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In the DOS YeS system, the instructions to the translators about their
operating mode and also determination of any other operating regime of

the sysatem are given by the programmer in the assignment describing 1its
operation, 'The Assignment Control receives the programmer's instructions,
detormines the requested modes and sets them up for mandatory execution by
the system programs which pertain to these modes. For example, the purpose
of the assignment can be the performance of such operations as the transla=-
tion of one initial module written in Assembler, translation of another
initial module in Fortran, combination and editing of them to obtain one
program ready for execution and the execution of the program obtained
directly, Here, the initial program must be printed out, lists of symbolic
means used in the program obtained, and in the case of abnormal completion
of the prepared program, a photograph of the division must be obtained.
This {s the statement of the problem. For realization of it, in addition
to the text of the initial modules in Fortran the programmer must prepare
the assignment in which by using the Assignment Control operators he indi-
cates his requirements to the system:

Print out the initial module;
Print out the 1list of symbolic means;

Indication to the translators to write the target modules obtained as a
result of translation on the disc;

- Set up the DUMP mode for the time of execution of the prepared program.

The first three instructions will be realized by the Assembler and Fortran
translators, and the fourth, by the Supervisor.

The operating mode of the system is established as the operating mode only
for the components of the operating system of the DOS YeS and especially
for the translators. Since all of them can be performed only in the back-
ground division, it is meaningful to talk about the operating mode of the
system only for the background division programs. The operating mode of
the system can be given on generation of the system (standard mode), or

it is established by request of the programmer for his assignment. In the
specific system the mode which permits the execution of the following,

for example, can be standard:

Print out of the Assignment Conzrol program operators on the panel type-
writer and these operators are input to the computer;

Print out of the contents of the basic memory in the case of abnormal
completion of the assignment}

Punching of the card columns with objective modules after translation;

Print out of the initial modules.
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The standard operating mode is maintained by the Assignment Control

program. Each specific module can be altered by the programmer by using

the controlling operators. The mode established by the programmer

operates within the limits of the assignment. After completion of execcu=-
tion of the assignment the Assignment Control program restores the standard
mode, For example, let the standard mode be adopted in which the translators
must punch the target programs. The programmer can cancel the punching of
the cards for his assignment. After completion of the assignment the
standard mode providing for punching will be restored by the Assignment
Control program,

Lditing and Storage of Information About the Volume and File Marks. The
Assignment Control program executes a number of procedures with respect to
preparing information on the volume and file marks.

In the DOS YeS system the processing of the files which are on magnetic

tape and discs includes the execution of defined operations connected with
checking whether the file belongs to the problem program. In order to
avoid the situation where the file belongs to the problem program, the

DOS YeS establishes the set of rules for file organization and methods of
working with it. Among these rules is the requirement that the files on
magnetic tape and disc have marks of completely defined structure -- gystem
marks; in order that operation of the file begin with the execution of the
opening procedure -- the procedure which, by using the file and volume
marks, establishes correspondence between the file and the problem program
processing this file. The correspondence is considered established if the
mark written on the carrier together with the file coincides with the
information about the file which the programmer indicated in his assignment.
The information must be indicated in the assignment about the used files
which the system needs in order to be convinced of the correctness of prepara-
tion of the carriers with the files and to permit the problem program to
work with the requested files.

The information about the files (the volume and file marks) is supplied by
the programmer using the controlling operator. The Assignment Control
program receives these controlling operators, edits and stores the informa-
tion contained in them in the system residence for future use of it by the
input-output control system programs.

In the system residence a special section the size of one cylinder is
isolated in which the information about the marks is stored. It is called
the mark cylinder and is separated into four regions, The first three
reglons are set aside for storing infrrmation about the marks coming from
each division of the memory. The first two tracks of the marks are allocated
to the background division; the next two are allocated to the second

division of the front plan; and then two are allocated to the first division
of the front plan, The next four tracks of the mark cylinder form the

fourth region designed for storing information about the file marks with
which the programs of any division of the basic memory can operate. As a
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rule, in this region information is stored on the file marks which is used
by the system gervice programs and the tranglators of the DOS YeS system.
These programs operate with the files which are called system files, and

the region of the mark cylinder which is designed for storing information
about the marks of the system fi{les is called the mark region of the system
files or the mark region of the system.

The information is entered in the mark region of the system files usually
during generation of the system, and it is permanently retained during
operation. This relieves the programmer of the necessity for preparing
controlling operators for a specific assignment describing the marks of the
system files. At the same time the programmer has the possibility of putting
information about the marks of the files needed by him in this region. This
pertains both to the {nformation about the marks of the system files and
about the marks of any other files with which the problem program works.

The Assignment Control program stores information about the marks delivered
using the controlling operators always in one of the mark cylinder regions:
the mark region of the system files or in the mark region for the same region
in which the assignment is accepted. Depending on whether the information
about the marks is to be used by the system programs, the programs of one
assignment or several assignments executed in the same division, the pro~
grammer indicates in which of the regions of the mark cylinder it must be
entered. He gives this instruction using the controlling operators estab-
1ishing the required operating mode with information about the marks.

The programmer can require that all the information about the marks delivered
by his assignment be written in the mark region of the system files. The
information written in this region about the marks can be uged by all of

the programs executed in any division, and it is kept in the mark cylinder
until the programmer requires that new information about the marks be

entered in this region.

In the case where the information about the marks is designed for use in the
programs executed in the same division, it is written in the mark region
of the division. Here there is the possibility of indicating which of the
two tracks of the mark region of the division it must be entered in.
Information about the marks is written on the gsecond track. It can be
used in different assignments performed in this division. The information
written on this track is stored from assignment to assignment until the
request to enter new information for this division comes in the next assign-
- ment. Information about the marks which is used only in one assignment and
is retained only for the time of execution of the assignment is entered in
the first track of the division mark region. The placement of information
about the file marks on the mark cylinder is illustrated in Fig 11.
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Figure 11, Placement of information on the mark cylinder

Key:
1. 1Input flow of assignments 5. File marks of the first division
2. Control of assignments of the front plan
- 3. Mark cylinder 6. File marks of the second division
4, System file marks of the front plan
7. File marksz of the background
division

8. Track number

Repeated Starting of the Program from the Check Point. The Assignment Con-
trol program offers the possibility of repeated starting of the program
from any check point which has been created during the program execution.
The following basic requirements must be observed in this case. The repeated
starting of the program from the check point must be realized in the same

- division in which the program was executed at the time of creation of the
check point. For all the logical points used in the program, the same or
other physical input-output unit must be designated.

The input-output files used by the program must be put into the condition
corresporiding to their condition at the time of creation of the check point,
for the program for creation of the check point does not provide the means
for setting up the input-output files for the required recording on such
- snits as the input-output punch cards, the input~output punch tapes and the
printers. The programmer himself must consider these means and communicate
them to the operator when this is needed. It is also necessary to remember
that in the case of repeated starting from the check point the problem pro-
gram must again communicate all information to the Supervisor about the
presence in it of its own subroutines for processing the program failures
and for organization of communications with the operator and information
about the use of the timer,
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Initial Loading

The functioning of the operating system of the DOS YeS system begins with
the execution of the initial loading procedure. The permanent goal of
this procedure is to ready the computer and the DOS YeS system which will
function with it for operation.

The initial loading procedure begins with the execution of the ready
operations by the operator in the following order:

Installation of the set of discs which contain the residence file on the
selected unit;

Setting up the address of this disc in the load switches located on the
operator panel; .

Pressing the "load" button,

After the "load" button is pressed, the permanent program is automatically
- entered into the basic memory from the system residence. This program,
: after receiving control, loads the Initial Load program into the basic
memory.

One of the basic functions of the Initial Load program is to read the
Supervisor nucleus into the basic memory. After the Supervisor nucleus 1is
loaded, other functions of the Initial Load program can be executed among
which the main one is indication to the DOS YeS system of the specific
configuration of the input-output devices of the given computer among the
types of devices, the servicing of which has been requested during generation
of the system.

During generation of the DOS YeS system for the specific computer, the types
and the number of input-output units were indicated which can be connected
to the computer. Specific physical addresses of these units can also be
indicated. The specific DOS YeS system obtained as a result of generation
has been used on the computer for a prolonged time interval, for the genera-
tion procedure is quite tedious and takes up a great deal of time, and the
reasons which would require a new version of the operating system are not
frequently manifested. If the set of input-output devices is altered on

the computer, this is not reason for generation of a DOS YeS system, for
these applications can be considered in the majority of cases when executing
the Initial Load program, The changes in the set of units by comparison
with the set which was indicated during generation (changes in the physical
address of a unit, failure of a unit, addition of a new unit of the admissi-
ble type, which does not cause the total number of units given during genera-
tion to be seated) can be indicated in the system when executing the

Initial Load procedure.
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1t the sot of physfeal input=output devices has not been specified during
generation of the system, it must be indicated when performing the

3 Initial Load procedure., Thus, the physical unit can be connected to the
DOS YeS system either during generation of the system or during execution
of the Initial Load procedure, If the unit ia not connected to the DOS YeS
system, then it is impossible to work with it in the future: the DOS YeS
system considers that it is not available to the computer.

The instructions pertaining to additions of new units to tb-~ system or
elimination of those which will not be used for a defined, Ltong time inter-
val, are provided by the operator by using directives. These directives
can be received by the Initial Load program from the panel typewriter or
from the card input reader. Thus, the operator has the possibility of
operatively changing the composition of the input-output units with which
the system will operate in the future.

, A1l of the changes in the set of units which the operator has .expressed in
the Initial Load are entered only in the corresponding tables of the
Supervisor and the basic memory; they are not entered in the residence file,
and therefore they are valid only until a new Initial Load procedure is
executed.

After the changes in the configuration are indicated to the system and also
when no alterations need to be made, the operator must indicate the date,
and if a timer is present in the system, the time of day.

On receiving the date from the operator and, if necessary, time of day, the
Initial Load program completes its work by transferring control to the
Supervisor. It, in turn, calls the Assignment Control program into the
basic memory which is adjusted to receive the first assignment in the
background division.

After execution of the Initial Load procedure the Assignment Control must
realize permanent designations for the system logical units which have not
received standard designations during generation. Frequently, in order to

emphasize the time when these designations are made, it is said that the
designations are made when executing the Initial Load procedure.
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CHAPTER 3. DATA CONTROL

The programming of any input-output operation is a tedious problem and
requires great effort on the part of the programmer. In the opinion of

the specialists, the tediousness of the writing and debugging of the input-
output operations when programming the majority of economic problems is
estimated at 40% of all of the programmer expenditures. At the same time
the set of data processing programs on 1ike devices (punch card units,
magnetic tapes, discs) have much in common. The work of the programmer can
be facilitated if he is granted the standard data control means for all
input-output devices of the YeS EVM system. The most complex operations
requiring special care with respect to input-output programming will be
picked up from the programmer {f the data control assumes the execution of
such procedures as the delivery of data from the external carriers to the
basic memory (data input) and, on the contrary, the transfer of data from
the basic memory to the external carrier (data output). The basic purpose
of the data control also consists in the performance of these two important
missions: data input and output.

In the DOS YeS system the data control functions are performed by the input- .
output control system. In the system there are two data control levels: i
logical and physical. Each control level is realized by a set of programs
called the physical input-output control system and the logical input—output i
control system, respectively. ;

Physical Input-Output Control System

The physical input-output control system is a component part of the Supervisor.
It is used by all the programs of the DOS YeS system independently of whether
they use the logical input-output control system or not, The logical input-
output control system also is based on the physical system.

The physical input-output control system executes the functions with respect
to organization of work with the input~output devices, such as the keeping
of the request queues for the performance of the input-output operations,
the startup of the lnput-output operations, the processing of all of the
input-output interrupts, the processing of the input-output errors. Each
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of these functlons was discussed previously when describing the Supervisor
properties. The enumeration of these functions alone indlcates that the
physical system relieves the programmer of the executlon of a significant
part of the work connected with the planning and organization of the
operation of the input-output units, At the same time the physical gystem
charges the programmer with all responsibility with respect to the descrip=-
tion of the input-output operations themselves. The programmer must himself
compile a channel program or driver for his input-output operations, and
therefore he must know the operation of the Lnput-output devices quite
exactly, -

Each time it is necessary to execute the driver, the programmer references

the Supervisor. In this cage he, in addition to the driver, sends the -
Supervisor a data control module. The purpose of this module is to trans-

mit information In standardized form which is required for execution of the
input-output operation from the problem program to the Supervisor and back,

from the Supervisor to the problem program., In the data control unit the
programmer indicates, for example, the name of the logical unit for which

the driver must be executed; the address of the driver in the basic memory, I
and so on. After the input-output operation is executed, the Supervisor

places the information about the completion of the input-output operation

of interest to the programmer in the control unit.

The fact that even when using the physical input-output control system inde-
pendence of the program with respect to the specific addresses of the
tnput-output devices is insured, for the apparatus of the logical units
operates on a physical level, is very important.

The programmer sends the Supervisor a request to execute the input-output
operation using a special macroinstruction, a parameter of which 1s the
address of the data control unit. The Supervisor processes it and returns
control to the problem program without waiting for completion of the started
input-output operation.

The prohblem program itself must decide whether it i{s executed or not with-
out waiting for completion of the started input-output operation. 1f the
execution of the problem program cannot be continued before completion of
the input-output operation, the programmer must report this separately to
the Supervisor, sending a macroinstruction to organize waiting. When the
input-output operationrequested by the programmer is completed and, conse-
quently, the execution of the problem program can be continued, the
Supervisor can transfer control to the problem program, The Supervisor
places the information about the completion of the specific input-output
operation of interest to the programmer in the data control unit, For ,
example, the programmer can recelve a message as to whether the operation
has been completed normally, whether errors have been detected in the

- device and what these errors are, whether such special situations have
arisen in the absence of punch cards in the hopper of the punch card reader,
the end of a sheet of paper on the printer, and so on. The programmer must
himself also provide for a reaction to all possible special situationms in
his progran during the input-output programming on the physical level.
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The separation of the duties among the programmer and the physical data
control system takes place as follows. The programmer is obligated to
compile and include in his program the drivers for each input-output opera-
tion, The physical data control system organizes the execution of the
driver with respect to requesting the problem program.

A more developed level of input-output programming is the logical level
realized by the logical input-output control system.

Logical Input-Output Control System

The logical input-output control system processes the data files. It

deals with the logical recordings which are the basic units of information
for the program processing the data, For the logical system the format of
the recordings is significant as is the organization of the files, that is,
the method of placing the recordings in the external carriers. The logical
level guarantees the programmer standard procedures for the organization of
the data input-output, at the same time relieving him of the necessity for
knowing specific physical units. When using the logical control level, the
programmer must be concerned only about the logical structure of his Cata.
All of the functions connected with delivery of the data from the external
carrier to the basic memory and back are assumed by the logical input-output
control system. If for any reason the programmer does not eliminate the
standard procedures on the logical level, he has the possibility of coustruct-
ing his own procedures based on the physical level.

Files and Logical Recordings. In the data processing problems files are

used which are made up of the most varied recordings which must be placed

on the external carriers in such a way that they can be processed efflciently.
- The processing of the file jncludes reading the file recordings, processing

them and storing the processed recording on the external carrier. The

logical input-output control system takes on the execution of the reading

and storage of the file.

In each specific case the file is characterized by the space it occupies on
the external carrier and then the basic memory; the format of the recordings
making it up; the principle by which the recordings in the file follow each
other in sequence, and so on., In addition to other arguments, the solution
of these problems is influenced by the selection of the type of peripheral
device on which the file will be located. All of this together determines
the organization of the file, In the DOS YeS system the files can have
direct, series and index-series organization,

- The file can contain entries of all three formats: fixed length, variable

- length and undefined length. The name of the format is determined by the

- length of the entries making the file up, The file is made up of fixed
length entries if the length of all of the entries is identical; variable
length if the length of the various file entries is different, but known
for each entry; and the entries about the length of which nothing is known
in advance have undefined length.
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A significant requirement when forming the variable length entries 1s the
necessity to pad flelds made up of four bytes to each entry in which the
length of file and the bytes is indicated.

For certain types of devices, entries of any of the indicated formats are
permitted; for others, only certain formats are permitted. For example,
the files on magnetic tape and discs can be made up of fixed or variable
length entries or entries of undefined lengthj for the input punch card
files, only fixed-length entries are permissible.

The file entries on the magnetic tapes or discs can be grouped into blocks
to {mprove the efficiency. The entries combined into a block are called
block entries. The blocking of the entry decreases the number of physical
references to the external units and saves external memory, for the memory
occupied by spaces is decreased.

The functions of blocking the entries can be performed by the logical system
- only for the entries of fixed and variable length. By ingtruction of the
problem program the system itself groups the entries of fixed or variable
length into the blocks with placement on magnetic tape or disc, and it also
{solates the entries from the blocks and transfers them to the problem
program for processing on reading from magnetic tape or disc., Since the
system does not have information about the length of the entries of undefined
length, 1t cannot execute the blocking functions for the entries of undefined
length. The blocking of the entries of undefined length, if required, must
be carried out by the programmer himself. The formats for the unblocked
and blocked entries are presented in Fig 12.

Depending on whether the files are designed for input or output cf the data,
they are input or output data files. The input file is located on the

input units, and the logical system . sends. the logical entries from the
{nput unit to the basic memory. The output file is located on output units
and the logical system creates it by moving the logical entries from the
bagic memory to the output unit.

The logical data control system gives special attention to the organization
of the work with the files on magnetic tape and disc, for these devices

are the carriers of the large files, and they are used most frequently for
data storage. For the files on magnetic tapes and discs, the logical system
executes them in addition to the functions with respect to data input-output
directly, also such procedureg as recognition of the required file, preven-
tion of destruction of the flle as a result of erroneous actions by the
operator or program errors and also procedures increasing the reliability of
the file processing. In order that the Togical system be able to execute
these additional functions, the files on the magnetic tapes and discs are
equipped with marks, The logical system takes in itself the basic operation
of the creation of file marks and the processing of them.

69
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2

FOR OFFLCIAL USE ONLY

a)

Y 7
Ji J K/ 4
a(ni/;‘a /] ﬂﬁut‘f /

'; Janugs 1
(1)

N

Janucs 2
(1)

b
k.ianm 1 |Janucy 2 |danucs @
(1)

Jonues 4 \danucs 8 | 3anucs 81} |

N
NN

c)

% L/
FJ& A3 Janucs 1 // 46 |43 | Janues 2 /
13 4 %

(1) R) KD (1)

&\

: 7
,z’ 23 Jonuco 1 S |43} Janucs 2 |43 | Januce 3
2)[(3) (1) (3) 3 Z

Figure 12, Formats for blocked and unblocked entries of

fixed and variable length:
DB -- length of unit; DZ -- entry length.
a -- unblocked fixed-length entries; b -- blocked fixed-length
entries; ¢ —— unblocked variable-length entries; d -- blocked
variable~length entries

Key:
1. Entry ...
2, DB
3, DZ

File Marks on Magnetic Tape. A characteristic feature of working with a
magnetic tape by comparison with such carriers as punch cards and printed
documents is the fact that the operator cannot himself be convinced that he
actually is dealing with the required data file. When the work is done with
punch cards or printed documents, the operator can determine by examination
of the carriers themselves whether the required files are actually being
processed. The situation is different when working with magnetic tape,

The operator himself cannot read the information recorded on a magnetic
tape, and he cannot be sure that he has installed the required magnetic
tape. If there are a large number of magnetic tapes at the computer ceater,
then in practice it is impossible completely to avold operator errors
connected with setting up the magnetic tapes. At the same time, the appear-
ance of such errors is entirely inadmissible, for this is a disaster for the
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- data processing system. ‘he standard procedure for avoiding such situa-
tions is the placement of special blocks called marks on the magnetic
tapes,

In the DOS YeS system, the logical input-output control system can process
magnetic tapes both with and without marks. However, the use of marks on
magnetic tapes permits the programmer to avold many unpleasantries when
processing the data.

The marks on magnetic tapes can be standard and not standard.. The
standard marks have fixed structure, and they are divided with respect to
purpose into system marks and user marks. The system marks contain defined
information, they are created and checked by the programs of the logical
input-output control system. Files having system marks can also contain
user marks which must be processed by the problem program itself, and the
logical input-output control system only reads them for processing or writes
them. Thus, in the DOS YeS system the files on magnetic tape can have no
marks or have only system marks or have system marks and user marks or have
original nonstandard marks which the system did not participate in the pro-
cessing of: the nonstandard marks must be processed by problem program
itself. The standard marks on the magnetic tape are the following types:
the volume marks, the initial file marks, the end of file marks, the end of
volume of marks.

The volume mark is always written as the first block on the magnetic tape
and is used to check the correctness of selection of the volume.

The initial file marks are entered in front of the file and are used by the
input-output control system when searching the file on the magnetic tape.
The initial system file mark will contain information about the files such

_ as the file identifier by which the system recognizes the file; the registra-
tion number of the file establishing the communications between the volume
and the file; the order number of the volume with respect to the volume in
which the file begins; the order number of the file with respect to the
other files with the same volume; the date of creation of the file and the
state of expiration of the file storage time to insure storage of the file
during the indicated time interval.

The end of file marks are written at the end of the file. Their structure
coincides with the structure of the initial file marks, but they also
contain information about the number of blocks and the logical entries in
the file. This information is used by the system to check whether all of
the entries in the file have been processed. For the files on magnetic
tape this check is one of the forms of logical monitoring of the correct-
ness of the processing. If the file occupies only one reel of magnetic
tape (a multivolume file), then after the last block of the file on all
volumes, except the last, end of volume marks are entered and not end of
file marks. The marks are separated from the file itself by a special block
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which begins with a tape mark., On the magnetic tape with standard marks,
the tape mark always occurs after all of the initial file marks, and it
precedes the data f£flle; 1t exists also after the last block and precddes
all the end of file or end of volume marks. TFig 13 shows the structure of
the files on magnetic tape with standard marks.
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Figure 13, Structure of the file on magnetic tape:

VOL -- volume mark; HDR -~ initial file mark; UHL -~ initial
file mark processed by the user (can be missing); T -- tape
mark; EOF -- end of file mark; EOV -- end of volume mark;

UTL -- end of file mark processed by the user (can be missing),

crosshatched sections -- gaps between zones (blocks) on mag-
netic tape.
a -~ one file on one magnetic tape reel; b -- one file on
several magnetic tape reels (multivolume file); c -- several
files on magnetic tape reel (multifile volume).
Key:
1. file ...

2, volume .,.
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F{le Marks on Discs. The files on discs, just as the files on magnetic
tape, must have marks. In the DOS YeS system the files on the discs must
have standard marks independently of whether the physical or logical data
controller was used to process them, The logical input-output control
system cannot process the files on the discs which do not have standard
marks., The standard marks are divided into system marks and user marks.
The system marks are mandatory; they are processed by the logical input-
output control system. In addition to the system marks, the files can have
user marks which must be processed by the problem program, and the system
only reads them from the discs or writes them.

In contrast to the magnetic tape, the system file marks on the discs are
separated from the files themselves. The system marks of all files placed
on one volume, that is, on one package of discs, are concentrated in one
special file which also is on the same volume. This file is called the
volume index. The user file marks on the discs, just as the file marks on
magnetic tape, belong to the file itself and, as a rule, are located
directly in front of the file.

The system file marks contain broad information about the file permitting
the system to recognize the required file, determine the location of the
file on the disc, establish the boundaries of the sections occupied by the
file on the disc, and also obtain all of the information necessary to the
system for processing the files on the discs. The system marks of all the
files are in the volume index, and the information about the location of
the volume index is contained in the volume mark. The volume mark is also
written at a defined place on all of the disc packets. It is used by the
system to recognize the volume and determine the location where the volume
index is located. Fig 14 contains a schematic description of the placement
- of the files on the discs.

Data Acess Techniques. The DOS YeS system isolates several standard
methods of organizing the data into files and the method of processing the
organized data. The set of procedures for organizing the data and the
method of processing the data form a defined access method for these data.
In the DOS YeS system there are three access methods: series, direct and
index-series.

The series access method presupposes that the data are organized in series,
that is, the logical entries are located on the external carrier in the
order in which they are then processes. The files on the punch cards,
magnetic tape, printers and typewriters can have only series organization,
for the operating principle of such devices is purely series, For example,
it is possible to read the fifth recording from the magnetic tape after
the preceding four entries are read. Let us note the basic features of
- the series organized files on the various units.

The input punch card file can be made up only of unblocked fixed-length
entries, and this corresponds to the operating principle of the punch card
reader. The files which are output to the punch cards or to the printers
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Figure 14. Placement of files on discs

Key:
1. Volume mark 5. File A (section 1)
2. File marks of file A 6. File b
3. File marks of file B 7. File A (section 2)

4, Volume index

must be made up of unblocked entries of any format (fixed length, variable
length or undefined length), but no more than 80 bvtes for the punch cards
and no more than the length of a row for the printers. The files on the
typewriter can be made up of unblocked fixed-length or undefined-length
entries.

The files on the magnetic tapes are input and output files, and they permit
a great variety of formats of the entries: the entries can be fixed length
or variable length and undefined length. The fixed and variable-length
entries can be both blocked and unblocked. In addition to the input and
output files there can be working files on the magnetic tape. They are used
as intermediate memory and serve to expand the basic memory. The working
files exist only temporarily, and on completion of the program they are
discarded as unnecessary. The operating principle of working with the work-
ing files is distinguished from the operating principle with the input and
output files. For example, if the file 1s described as an input file, the
logical system forbids its use as an output file, that is, it is impossible
to write anything in this file; analogously, if it is an output file, it
cannot be used as an input file, that is, it cannot be read. The working

74
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2

FOR OFFICTAL USE ONLY

files operatu on input and output and in contrast to the input and output
files on the magnetic tape can be made up only of unblocked fixed length
or undefined length entries.

The files on discs can also have series organization. The operating prin-
ciple of the series organized file or dise does not differ from the process-
ing of the file ou magnetic tape; in this case the discs are used as fast

- magnetic tape. The files on discs are algo input and output, and they can
be made up of blocked or unblocked entries of any admissible format (fixed
length, variable length and undefined length). The working files for the
discs have the same purpose as the working files for the magnetic tape.

In contrast to the magnetic tape which is a purely series access device,
the physical organization of the disc is such that they permit a great
variety of data access methods.

The package of discs is a set of numbered cylinders, each of which can be

found by indicating its address (number). To do this no series sorting of
_ the remaining cylinders is necessary. In otter words, the search for the
cylinder is realized directly by the address. Each cylinder is a set of
tracks addressed with respect to the cylinder (Fig 15). On the tracks
there are entries, and each entry has its own address which consists of the
cylinder address, the track address on the cylinder and the number of this
entry on the track. Any entry can be found by its address without sorting
all the remaining entries. The disc unit is considered to be a direct-
access unit primarily because access to the information on the disc is
realized directly by the entry address. The address of each entry 1is always
physically located together with the data following the entry. In addition
to the address, the entry can have a key which is in the form of the data
perceived by the device as an attribute by which it is possible to recognize
the entry. The disc unit also provides for search for the increase by the
key on one track or on several tracks.

Fig 16 shows the arrangement of the entries on the track; the structure of
the entry containing the key and not having a key is indicated here.

The entries of a series-organized file have no keys, and they need not, for
the entries are processed in series one after the other. If the key is a
mandatory element of the entry on the dise, the entry address is present
always even in the case where the entry has a key. With series access the
programmer in practice shows no concern for the address of the entry on the
disc —- the logical system itself forms the disc addresses for any reference
to the device. For the series file on the discs the programmer determines
the section in the packet indicating the tracks and cylinders on which the
file is stored. The entries of the series file are located on the tracks
of the assigned section one after the other. When all of the entries of
one track are processed, the logical system itself proceeds with the pro-
cessing of the entries on the next track, and so on until the end of file
is detected.
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Figure 15. Package of discs

1 —— track 9 of cylinder 202; 2 -- track 0 of cylinder 0;
3 —— track 0 of cylinder 202; 4 -- one cylinder (contains
10 tracks); 5 =- 203 cylinders; 6 -- track 9 cylinder 0

The series access method does not make use of the basic advantage of disc
units —- the possibility of access to the entry directly by address. How-

- ever, it is impossible to state that i1t is unreasonable to use discs for
series files. In many cases this is entirely justifiable and gives good
results, especially when all or the majority of the file entries must be

_ processed. By comparison with the magnetic tape the disc insures significant.
acceleration of the processing and used to process the frequently used
series files. For example, the DOS YeS system files are series files, and
as a rule, they are located on the disc.

The peculiarities of the storage units on discs, and above all, the possi-
bility of access to the entry directly by its address, are taken into account
by the direct and the index-serles access methods.

A file with direct access is made up of unblocked entries of any admissible
format. The blocking of the entries in practice is meaningless, for the
purpose of the method is to insure direct access to each entry. The appli-
cation of the switches is not mandatory, but they are frequently used.

If the keys are not used, then during formation and processing of the file,
the actual entry address is indicated, and the logical input-output control
system finds the entry by its address. In the case of using keys the
programmer will obtain great freedom of action: he can indicate the
absolute address of the track and then indicate the key by which the logical
system finds the required entry on the track,
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Figure 16. Placement of the entries on the track (cross-
hatched sections -- interval between information)

Key:
1. Track 7. Entry data
2. Beginning of track marker 8. Entry has a key
. 3. Track address 9, Entry address
4, Entry ... 10. Key
5. Entry does not have a key 11. Entry data
6. Address of entry 12. Entry address marker

The file organized by the direct access method has the peculiarity that its
entries can be processed in arbitrary order. For example, the eighth entry
with respect to order on the disc can be read and processed after processing
the 15th or any other entry of the file. Here the time for obtaining the
eighth and the 15th entries is approximately identical, and it depends only
on the physical arrangement of the read-write heads of the disc at the time
of referencing the specific address.

The basic advantage of the direct method can be considered to be the fact
that the entries can be processed selectively, and this is especially
convenient when performing operations of the type of obtaining information
from the general reference file. At the same time no one interferes with
the processing of the file entries in series one after the other when large-

- scale organization of the file is to be done which affects almost all of the
entries in the file.

The system does not establish any rules for determining the file structure

or arrangement on the disc. The programmer himself determines these

characteristics for his own file and must himself be concerned for how the

true address of the entry in its file will be determine. If the file is

organized by the direct access method, then in order to plan the entry in

the file the problem program must indicate the address of this entry on the
- disc. In this case the address can be absolute, and this means that the
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problem program must Indieate the cylinder number for the entry, the track
number and the number of this entry on the track. In addition to finding

the entry by the absolute address the direct method provides for finding

the entry on the track by its key. This method of finding the entry pre-
supposes that all of the entries in the file have a key and it is known which
entries are on which track.

The direct access method insures high data processing efficiency and 18 a

universal means for working with files on discs. However, this method

charges the programmer with all of the responsibility for determining the

address of the entry on the disc, and the system takes in itself only the -
execution of the functions with respect to reading and writing the data on

the dise, relieving the programmer of the necessity for writing drivers for

the discs on a physical level.

The determination of the address of an entry on discs which is the basic
concern of the programmer working with a randomly organized file is in some
cases quite difficult, Actually, if it is a large file, it is necessary to
apply definite effort to know the absolute address of each entry or know at
least which entries are on which track (in the case where the entry is found
by a key). The problem of determining the address of an entry is taken off
the programmer by the index-series method of access. This method pre-
supposes index-series organization of the file on thed disc in which the
placement of the entries in the file is dependent on the entry key. All of
the entries of the index-series file must have a key; they can only be of
fixed length, blocked or unblocked.

In order to create a file with index-series organization, it must first be

sorted on the entry key. When a file sorted on the entry key is written on

the disc, the logical system constructs an index for it which contains

information abeut the arrangement of the entries on the disc. There is a

track index and a cylinder index. The track index is made up of entries

—— track indicators. For each track of the file there is an indicator which

contains the track address and the highest key of the entries located on the

track. Analogously, the cylinder index is made up of entries -- cylinder

indicators. For each cylinder of the file there is one indicator which

contains the cylinder address and the highest key of the entries located on "
the cylinder. If the user wishes, a third, principal index can be constructed.

It is made up of entries -- the track indicators of the cylinder index. For

each track of the cylinder index there is an indicator which contains the

track address and the highest key contained in the track indicators of the

cylinder index (Fig 17). It is recommended to have a main index for the _
large file, the cylinder index of which occupies many tracks. The entire

operation with respect to the formation of the indexes is performed by the

aystem itself when creating the file,

The index-series method of access permits processing of the file entries

both selectively, similarly to the direct access method, and in series.

Both methods are organically combined. If the entries are processed

selectively, the key of the required entry is communicated to the system.
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The system itself finds the entries in the file, using the indexes, It
examines the cylinder index to determine the cylinder on the tracks of which
the entry is located. When the cylinder is determined, the track index is
examined in order to find the cylinder track containing the entry and only
then is the entry found on the specific track of the cylinder, This method
of finding the entries resembles a direct search although the technique for
executing it differs from the technique used in the direct method.
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Figure 17. Example of an index-series file
Key:
Cylinder index
Cylinders on which data are located
Cylinder 53
Track O
(Track index of cylinder 53)
Cylinder 50
Track O
(Track index of cylinder 50)
. Track ...
- 10. Cylinder 53
11. Cylinder 50

.« .

Voo~ SN
P .« .

The entries of the index-series file can be processed in series. This does
not mean that it is necessary to process the entire file in series beginning
with the first entry to its end, The index-series method is convenient in
that it can give a section of the file all of the entries of which will be
processed in series. Here the beginning of the section is determined directly,
using the indexes, and then all of the entries of this section are sorted in
series. The indication of the beginning and end of the section processed
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in series 1is given to the logical system by the problem program. This
- processing procedure where the speed of random search and the ease of indi-
cating the required entry are combined is especially convenlently used when
working with large files which are used for more than one application. For
example, it is possible to construct an index-series file containing informa-
tion about the library of an institution and use it both to obtain informa-
tion about individual books in the library and to obtain information about
a defined topic. The reference regarding a specific book obviously will
be obtained by using direct access to the required entry, and in order to
obtain a 1ist of books on a defined topic, both selective and series pro-
cessing are required.

A distinguished feature of the index-series organization is also the fact that
when creating the file on the disc, a preference zone is isolated which is
designed for the addition of new entries to the file. This permits us to
avold copying the entire file which usually is required when adding entries

to the file having series organization. Although the added entries physically
will not be arranged in a series by the key, they will be processed in the
required series.

The index-series method is very convenient for operation: 1t combines the
possibilities of both the direct and series methods. This method presupposes
the greatest conveniences for the programmer, for only the entry key is
required of it, and no information is needed about the address of the entry
on the disc. The system itself quickly finds the entry, knowing only its
key. However, it must be noted that the index-series organization of the
data somewhat decreases the useful value of the disc memory as a result of
the overflow indexes and regions. In addition, for the selection of each
entry it is necessary to make at least two references to the disc, and this
somewhat increases the access time, for example, by comparison with the
direct method.

Functions of the Logical Input-Output Control System. The basic goal of the
logical system, independently of the access method, 1s making the logical
entries from the input files available to the problem program and placement
of the logical entries in the output files. This goal is not so simple as
it can appear at first glance. It consists not only of compiling and
starting the driver for the corresponding device. In addition to the fact
that the logical system actually provides the drivers for all of the input-
output devices of the YeS EVM system, freeing the programmer of this work,
it takes into account a variety of versions which occur from the combination
of the parameters of the device and the file which is on the device and the
requirements of the program. The functions, the execution of which it

takes on itself, are realizedby the system in practice most effectively.
Thus, the system takes into account the possibility of the simultaneous
execution of the input-output operations with the processing and makes
available various methods insuring this combination to the problem program.
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In performing the basic goal with respect to the delivery of the logical
entrles, the logleal input-output control system realizes many functions
adjacent to Lt, relieving the programmer of the majority of concerns for
{uput=output, The logical control system takes on itself also the execution
of such sipnlf{cant functions as the opening and c¢loaing of files; blocking
of the vntries, lsolatlon of an entry from a block (deblocking); the
processing of the "end of file" and "end of volume" conditions; servicing

of the operations of controlling the input~output devices (for example,
controlling the format on a printer).

Opening and Closing Files. In the general case the processing of the file
must begin with the opening procedure. The basic purpose of this procedure
{s to establish what problem program the file belongs to and to permit this
program to work with the file. The opening procedure is especially
fmportant when processing files on magnetic tapes and on discs, for there
are large files on these devices which cannot be recognized visually by the
operator. During opening of the files on magnetic tapes and discs, the most
significant part of the work is done with respect to organization of the
protection of the file Erom inadvertent attempts to destroy it.

The opening procedure establishes to what problem program the file belongs
by using the information such as the file identifier and the registration
number of the volume which, on the one hand, is written together with the
file and Is contained in the mark directly on the carrier, and on the other,
the Information must be placed by the programmer in the assignment. The
opening procedure requires that the identifier of the opening file and the
reglstration number of the volume on which it is contafned completely
coincide with the analogous characteristics indicated in the assignment.
The comparison indicates that the required file has been established, and
the problem program is permitted to work with it; when there is no compari-
son, the system informs the operator and waits for additional instructions
from him. Until the instructions are received from the operator no opera-
tion with this file is permitted.

The described method controls the ownership by the problem program of pri-
marily the input files. For the output files it is primarily important to
establish whether the carrier is free on which the file is to be written.
Any file can be located on an established carrier which possibly is not
needed and then it can be destroyed, permitting a new file to be written
in its place or, in the opposite case, it is impossible to give this per-
misslon, The answer to the question of whether the carrier can be used

fs primarily obtained by checking the storage time of the file written on
the carrier. In order to make this check the opening programs read the
mark of the old file in which it is indicated to what time the file cannot
be destroyed. If the file storage time has not expired, the system informs
the operator of an attempt to destroy the existing file, and it does not
permit the new flle to be created on the indicated carrier without his
explicit instructlons,
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In the case where the carrier contains no f£ile or the storage time of the
old file has expired, the opening programs permit the creation of a new
file on this carrier and begin this creation by writing the gtandard mark
for a file.

The logical system can execute the described checks only in the case where
the files have marks., If the files do not have marks, no checks can be
made at opening time.

The input-output control system takes on itself the basic work with respect
to the creation and checking of the system file marks. The programmer must
only deliver information to the system on the marks of its file such as the
name of the file, the data of expiration of the file storage time; the
series number of the volume if the file occuples several volumes; the series
number of the file on the indicated tape if it contains several files; the
organization attribute (series, direct, index-series) of the file on the
disc; the sections occupled by the file on the disc. The information about
the file marks is delivered by the programmer with the help of the controlling
- operators in the assignment for execution of the problem program. This
tnformation is received by the assignment control program, it is edited,
and the mark is placed on the cylinder from which in the future on cxecution
of the file opening procedure, the input-output control system extracts and
reduces 1it.

After the file is opened, the system permits it to be processed until the
problem program communicates to the system that the file must be closed.
The request to close the file indicates that the work with the file is
ended, and consequently, the logical systems must forbid work with it,
executing the procedures with respect to closing the file. The basic pur-
pose of the closing procedure is the following: for a file on magnetic
tape -- processing and creation of the terminal marks and forbidding the
use of this file; for the file discs, this, in turm, is forbidding the
use of the file and in some cases, freeing of the position on the disc
which this file has occupied. The position on the disc is freed if the
file has been defined as a working file.

The procedures for opening and closing the files are applicable to any file
independently of the organization and the type of device; therefore the
programs of the logical input-output control system realizing these pro-
cedures are transits and are executed in the transit region of the controlling
program.

The user can expand the functions performed by the logical input-output
control system during process of opening and closing the file as a result
of connecting to the system procedures for opening and closing its own
subroutine. By using this subroutine the user can create his own marks

- for the file (user marks) to supplement the system marks and then use
this information at his discretion, for example, for organization of
additional checks.
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If the File has user marks, and there is a particular subroutine for
processing them in the problem program, the programmer must communicate
their predence to the logical system, The programmer must make this
indicatlon during a description of the file, The system programs for
opening and closing the file organize output to the subroutines for process-
ing the uger marks which is contained in the problem program. Here the
system opening programs for the input files read the user marks from the
magnetic tape ot disc and transmit them to the problem program for process-
ing, and for the output files the user marks are obtained from the problem
program, and they are written on the magnetic tape or disc. The system
closing programs proceed analogously, reading the terminal marks of the
user for the input files and writing the terminal marks of the user for the
output files formed in the problem program.

There {s a difference in how the programmer feeds the information to the
system for the creation and checking of system marks and user marks., The
information for the system marks is fed during the assignment and is stored
by the system on the mark cylinder, The information for the user marks is
not supplied during the assignment; it is not on the mark cylinder. This
information usually is contained only in the problem program itself.

The logical input-output control system also allows for the case where the
file on the magnetic tape does not contain any marks, and this means that
the system opening and closing procedures for this file in practice are not
operating, that is, they do not execute any checks, This is justified, for
example, for working files.

Another admissible case is the case where the file does not contain standard
marks, but has nonstandard user marks. In this case the system opening and
closing procedures do not in practice always operate. They only organize
the output to the problem program which itself is obligated to perform the
operations with respect to processing the nonstandard marks, including their
reading and writing on magnetic tape.

In all cases where the file on magnetic tape has marks, a region must be
isolated in the problem program reglon which is used as the working region
during the formation of the reading of the mark from the carrier during
execution of the opening and closing procedures. The indication of isolation
of a region for the mark is realized by the programmer by using a special
controlling operator in the work assignment.

The input-output region for the file marks is allocated in the problem program
in the case where the file has direct or index-series organization. The
series organized file or the disc does not require that the problem program
allot an input-output region for the marks, for there is a region in the
opening and closing system programs themselves for marking this file.
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Blocking and Deblocking the Entries, The logical input-output control
system operates with the data entries. For such devices as punch card
units or printers, the size of the logical entry, as a rule, coincides with
the size of the physical entry (with the size of the punch card or the

row on the printer).

The magnetic tapes and discs do not fix the size of the physical entry in

- advance; these devices permit a sufficiently broad range of sizes of
physical entries (from 18 symbols to the maximum size of the basic memory).
The size of the physical entry, that is, the entries which are sent by one
input-output operation influences the operating efficiency and the useful
volume of the magnetic tape or disc. For example, if all of the physical
entries on the magnetic tape contain 80 symbols each, then as a result of the
spaces between entries the usable volume of the magnetic tape for the YeS-5010
unit is approximately only 10% of the total length; if the size of the
physical entries is increased to 800 symbols, then the usable volume of the _
magnetic tape increases by 4 to 5 times. In addition, if the size of the
physical entries 1s small, then when processing the file a larger number of
references is required to execute the input~output operations.

Taking these factors into account, the logical input-output control system

presupposes the possibility of working with the units which includes -
several logical entries. The unit is a physical entry. The logical system

takes in itself the realization of the blocking of the entries, that is,

the combination of several logical entries and one blonk and the deblocking

of the entries, that is, the separation of logical entries from the block.

For the problem program the nature of processing the block entries varies
insignificantly by comparison with the processing of the unblocked entries.

The problem program must take into account several factors pertaining to the
entry blocking function. Primarily the problem program must isolate the
input-output region in the basis memory sufficient to place not one entry

in it, but all of the entries entering into the block. The programmer must
decide what procedure will be used to reference each individual logical entry -
of the block. When several logical entries are combined into one block,

the logical system must see that each of the logical entries is now in

processing. The logical system presents four methods of solving this problem.

The first method consists in the fact that the logical system places the
address of the location of the entry in the input-output region in the

register indicated by the problem program. When using this address, the
problem program can process the entry in the input-output region itself.

With the second method the problem program, in addition to the input-output
region, .can isolate the working region which has the size of one logical
entry and communicates these to the logical system, The logical system
will send each logical entry of the input file into this working zone in
series, After the last entry from the input region is sent to the working
region, the system reads the next block into the input region from the
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external carrier, for the input regilon is already free, Thus, the matching
of the processing of the last entry of each block with the execution of

the read operation of the next block from the external carrier will be
achieved, and this will permit reduction of the total execution time of

the entire problem program. The analogous situation is also possible on
output. 1In the case whetre the entries are processed directly in the input-
output region there will be no matching of the execution of the process

and the input-output operation for the problem program.

In the third method the entries are processed in the input-output reglon,
but the problem program has two input-output regions. The system organizes
the switching from one region to the.other any time that all of the entries
- in one input-output region have been processed. When one of the regions is
free, the inpout-output region 1s started by using the freed region. 1In
this procedure, greater matching of the processing and the input-output
operations is achieved than in the case of using one input-output region
and the working region, but then the processing procedure using the two
input-output regions requires greater expenditures of the basic memory.

The fourth procedure permits the use of two input-output regions and a work-
ing region. The system sends each logical entry in series to the operating
region first from one region and then from the other, switching from one
region to the other at any time that all of the entries from ome input-
output region have been processed. Usually this procedure is rarely used
inasmuch as it permits time to be saved only when the majority of entries

in general do not participate in the processing or with processing is too
insignificant.

- Use of the Logical Input-Output Control System in the Problem Program. The
logical input-output control system is the next link between the problem
program and the physical input-output control system in the part which
belongs to the input-output programming. The programs with the logical
system in the greater part (only the opening and closing transits are an
exception) are included in the problem program as finished, previously

- programmed pieces realizing the fully defined input-output procedures.
Being included in the problem program, they become an inseparable part of
it and are present in it during the time of existence of this program.

The logical input-output control system is the apparatus for the programmer
writing his programs in the Assembler language. During programming on the
Assembler, the necssity arises for planning the input-output procedures;
determination of the organization of the file, compiling the drivers for
realization of the input-output operations, processing unusual situations,
realization of the transition from volume to volume in the case of multi-
volume files, and so on, that is, the functions which the logical system
performs.

During programming in higher level languages than Assembler, these problems
do not arise for the programmer in explicit form, T7The input-output problems
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are solved in each of the programming languages by their own means. The
programmer running the program, for example, in Cobol, cannot know that
the translator from Cobol itself and also the working program constructed
by Cobol use the logical input-output control system. The information
about this is needed by him, for this is a problem of constructing a
specific translator, and there are no possibilities for the programming
language.

In the DOS YeS system the logical input-output control system has a universal
nature and is widely used in the majority of system programs such as trans-
lators, sorting, copy programs and also the working programs created by the
translators from the PL/1, RPG and Cobol languages.

In order to use the logical input-output control system, the following
conditions must be satisfied:

1. The standard subroutines of the logical system must be located in the
program library.

2. The programmer must assign the characteristic of his file which will be
perceived by the standard programs as their parameter.

3. Any time it is necessary to request the required functions with respect
to input-output, the programmer must reference the standard programs of the
logical system.

The logical input-output control system has a tabular-modular structure:

the file characteristics are stored by the system in the form of file
description tables, and the standard programs realizing the input-output
functions are the program modules. Between the program module and the table
of description of the corresponding file there is a close relation: the
data of the file description table are parameters for the program module.

In the system there are independent modules and description tables for each
type of device and each method of accessing the data. Thus, for series
access the logical system provides for independent modules and rules far
constructing the file description tables on punch cards, a printer, magnetic
tapes and discs. For the direct-access method in the system there is its
own module and the file description table corresponding to it on the disc
constructed by the direct access rules. Analogously, for the index-series
access there is an original description table and modules oriented toward
processing of the file with index-series organization.

The logical system module is oriented to the type of device and the method
of access to the file on this device. Here the module insures execution
of all the functions which can be needed for processing the organized file
on a device of this specific type in the corresponding way. In order to
emphasize the universalness and completeness of encompassing.all possible
situations, the loglcal system module will be called a generalized module.
The generalized module, for example, for a file on magnetic tape (the
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serles organized file) insures execution of such functions as reading and
writing the blocks, skipping zones and rewinding the magnetic tape, blocking
and deblocking the logical entries, the processing of erroneous situations
and certain other functions, TFor files on dises there are generalized
modules which realize the functions of series, direct and index-series
access. For convenience of working with the system files which can be
formed on the devices of several types (for example, on magnetic tapes or

on discs or on punch cards) the logical system presents a speclal generalized
module. It takes into account the specific nature of organization of the
files on the SYSRDR, the SYSIPT, SYSPCH, SYSLST logical units, and it
permits the use of any of the physical units which can be assigned to these
system logical units for the files connected with these units without many
changes.

The generalized modules of the logical input-output control system are
permanently stored in the library of initial modules in the form of macro-
definitions written in the Assembler macrolanguage. From the generalized
module the system can obtain a specific module taking into account the
requirements of processing the files for the specific problem program.

The programmer describes the module which is needed for processing its
files, indicating the parameters in the corresponding macroilnstructions
available in the system, describing the modules. For each generalized
module there is its own macroinstruction describing this module. The set
of macroinstructions for describing the modules is presented in Table 5.

Table 5

List of Macroinstructions for Describing the Modules

Macroinstructions Purpose

CDMOD Module for files on punch cards

MTMOD Module for files on magnetic tape

PRMOD Module for files on printers

PTMOD Module for files on punch tapes

DIMOD Module for files which do not depend on the type of device
SDMOD Module for series organized files on discs i
DAMOD Module for direct access method for files on discs

ISMOD Module for index-series files on discs

The input-output modules can be included in the problem program in two ways:

in the translation step and in the editing step., When writing the program

in the Assembler, the macroinstructions for description of the modules can

be included directly in the problem program, In the process of translating

the problem program, instead of the macroinstructions for description of the
modules it can include the specific modules adjusted in accordance with the
requested functions. . -
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Another method of including the input-output modules presupposes that the
gpecific module is prepared (translated with specific parameters)
independently of the problem program, and it is placed in the library of
objective modules. From it the module can be included in any problem pro-
gram in the editing step. The procedure for including the modules of the
logical system in the editing step is preferable to the first procedure
(inclusion of the modules and the translation step), it 1s more convenient
and saves the translation time of the problem program. Actually, the
separately translated module can be used in any problem program where it
is applicable. The specific module is quite universal; it can process the
files having different length of the logical entries, different input-output
regions, a different entry blocking coefficient, and so on. Therefore the
specific module can be successfully used both in one program for the pro-
cessing of several files of the same type and in different programs.

- During generation of the system translated modules of the logical system

’ are placed in the library of target modules for each device and all access
methods, and these modules provide for processing of the files having differ-
ent characteristics. For example, in the library of target modules for
magnetic tape there are 14 modules, among which is the module which processes
only files with blocked or unblocked fixed-length entries; the module which

. processes files only with undefined-length entries; the module which
processes files only with blocked or unblocked variable-length entries;
the module which processes only the working files, and so on. In practice
cases rarely appear which require new input-output modules although there
is always the possibility of obtaining a specific input-output module in
accordance with the required parameters.

Each module of the logical input-output control system placed in the
- library of target modules is assigned a standard name. It is used in cases
- where it is necessary that corresponding standard module available in the
library be included in the program at the editing time. The standard input-
output modules are used, for example, in the working programs constructed
by the DOS YeS translators.

In the problem program for each file, in addition to the input-output

module, there must be a file description table matched with the used module.

In the file description table the parameters must be indicated which the

module correctly perceives and processes. For each generalized module

there is an independent file description table which permits use of the

standard method to indicate the characteristics of any file of a specific

type. For example, for a file on magnetic tape using the file description

table it is possible to indicate the file characteristics such as the name -
of the file, the type of file (input, output, working), the presence of
marks, the entry format (fixed-length, variable-length or undefined length),
the length of entry, the input-output region and size, the error processing
regime, the magnetic tape rewind regime, and so on.
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The [1le characteristics are indicated by the programmer by using the
macrolnstructions for describing the file. 'The logical input-output control
system constructs the description table based on the macroinstruction
parameters in the required format, The set of macroinstructions for
description of the file 1s presented in Table 6.

Similarly to how the input-output modules are included, the file description
tables can be included in the problem program by two metheds: in the
translation step and in the editing step. The programmer can use the macro-
instructions for description of the file in his program, and then the
corresponding tables will be included in his program during translation by
the Assembler.

Table 6

List of File Description Macroinstructions

Macroinstruction Purpose

DTFCD Description of flle on punch cards

DTFMT Description of file on magnetic tape

DTFCN Description of file on typewriter

DTFPR Description of file on printer

DTFPT Description of file on punch tape

DTFDI1 Description of file independently of type of device
DTFSD Description of series-organized file on discs

DTFDA Description of file on disc having direct organization
DT¥FIS Description of index-series file on discs

DTFPH Description of file processed on the physical level

using the opening-closing procedures

With the other procedures the file description macroinstructions are formed
as individual modules, they are translated independently and are pldced in
the library of target modules, and in the editing step they are included in
the problem program. As a rule, the file description tables are included
in the problem program in the traanslation step, for this is more natural
for the programmer. Actually, the file description macroinstructions are
coavenient to have in the text of its own program: in the macroinstructions
the characteristics are indicated such as the symbolic addresses of the

- input-output regions, the subroutines for processing the user marks, the
subroutines for nonstandard reaction to erroneous directions, and so on,
that is, the information which is specific to the specific program and the
specific file.

In contrast to the input-output modules in the library of target modules
there are no standard file description tables,
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For each file processed by the program its own file description table must
be constructed independently of whether the created table 1s placed in

the 1lbrary or not. For example, the DOS YeS translators include the file
description tables in the target program when constructing the working
programs in the format required by the logical system,

Thus, in the problem program the file is described, and there is a logical
system module designed to process this file. Each time when the problem
nrogram requires the execution of defined operations on the file, it is

- necessary to reference the module with the corresponding request. In order
to send the request to the module the programmer writing his program in
Assembler, has a set of macroinstructions., In contrast to the declarative
macroinstructions describing the files and modules, the macroinstructions
requesting operation of the flle are called imperative.

_ The imperative macroinstructions, just as the declarative ones, are separated
with respect to methods of access and types of devices. Some of the impera-
tive macroinstructions are applicable to several of the access methods and
several types of devices; others are specific to the specific types of
devices and methods of access. For example, the OPEN and CLOSE macro-
instructions requesting opening and closing of the files can be used for

all of the access methods and for all types of devices except the typewriter.
The GET and PUT macroinstructions used to obtain the logical recording from
the input file (GET) and put the entry in the output file (PUT) are designed
for processing of the file having series or index-series organization. There
is a group of instructions which are applicable only for processing the
index-series file,

Each access method correspcuds to the group of imperative macroinstructic.s.
Although the means of the macroinstructions performing such functions for
different methods coincide, the macroinstructions strictly oriented to the
method are distinguished by the parameters and functioning. For example,
the READ macroinstruction has different format and executes the reading of
the entries differently when processing the series, direct and indux-series
file. The list of imperative macroinstructions as applied to the access
methods and types of devices is presented in Table 7. The symbol "X"

is used to denote the macroinstructions which can be applied for processing
the file on a specific device with corresponding organization.
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Table 7
List of Imperative Macroinstructions
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OPEN . | Opens the file
OPENR XKEXIXIX|IX|{X]X]|X >.\
absir | | x]x|x]x|x|x|x|*] * | cioses the fite
FEOV % ' Establishes the "end of volume"
4 condition for the magnetic tape
Returns control to the logical sys-
. tem from the subroutine for process-
LBRET XX X ing the user marks or nonstandard
marks
o . | Generates the next logical entry of
i X | X X
aeT % x X the file for processing
Outputs tne indicated logical
Ut Ix|x| Ix|x|x] [x X | entry
Indicates the necessity for trans-
. e mitting entries available in the
RELSE xIx input region and proceeding to the
Erocessing of the entry of the next
. J o4 0 b2 M =hlack
TRUNLI I I |>< X Permits writing of the partially
- -~ - - filled block
CNTRL X XXX X Executes the control operations:
- rewind, skipping of sums, skipping of
rowq,g%_ggg_ggig;g;. and so an
Contynls the movement of the paper
PRTOV X on the printer
Starts the operating of reading data
READ XX X] % linto the input region
WRITE x| x x| x |Starts the operation of writing the
data from the output region
- , Causes walting for completion of the
ClECK XX started input-output operation on

the READ, WRITE macroinstructions

] Key: 1. macroinstruction; 2, series method of access; 3. typewriter;
4. printer; 5. punch card input; 6. punch card output; 7. magnetic

‘ tape; 8. disc; 9. punch tape input; 10. punch tape output; 11. direct
access method; 12. index—serieglmethod of access; 13. purpose
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X | Duex

Establishes the working file at its
beginning

POINIR

Establishes the workin% file in the
position for subsequent reading of the

indicated entry

- FOINTW

Establishes the working file in the
position for subsequent writing of the
indicated entry

NOTL

Indicates the necessity for placing the
entry ldentifier in register 1; for
tape this is the number of written or
read blocks; for a disc, this is the
disc address of the written or read
entry

h WAILTF

X| X | Causes waiting until the started input-
output operation is completed with
respect to the READ, WRITE macro-
instructions

SETHL

x | Used for the creation or expansion of
the index-series file and performs
ready operations

ENDFL

Completes index-series file loading
regime established by the SETFL macro-
instruction

SETL

x | Establishes the write address,
beginning with which the index-series
file will be processed in series

ESE1L

[See key on p 91]

X | Causes completion of the series process-
ing started by the SETL macroinstruc-
tion
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CHAPTER 4. MEANS OF DEVELOPING PROGRAMS

- The means of developing programs play an important role in the operating
system: the output capacity of the computer depends on how efficiently
the programs can be developed and how completely they make use of the

- capabilities of the operating system.

The DOS YeS operating system makes a large set of means available to the
programmer, which makes it possible to automate the entire process of
_l setting up the problem on the computer.

The process of setting up a problem on the computer can be represented as
series execution of the following operations: planning of the program
structure; preparation of the program for execution; execution of the pro-
gram. -

Planning the Program Structure

The planning of the program structure and encoding it in the initial pro-
granming languages are & step in which the entire meaningful load is borne
by the prograrmer. In this step the programmer selects language means for
his problem, and this choice determines what system capabilities he will
use.

The programmer must plan the organization of the program before the pro-
gram is written. Many factors can influence the choice of program struc-
ture: the habits of the programmer based on previous experiences, the
capabilities of the operating system, the proposed basic memory size, the
programmer liability problems. In addition, the structure of a large pro-
gram and its preparation are significantly influenced by such factors as
the necessity for distributing the work among the various programmers. In
turn, the distribution of the operations among the participants of the
collective or what is equivalent, the separation of the large problem into
smaller m: aningful parts are influenced by the capabilities of the operating
system,

In the DOS YeS system there are general rules, the use of which in practice
does not depend on the choice of language for encoding the particular
program., These system means can i{nclude the means for combining the parts
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of the program, use of the finished programs from the libraries, the rules
for formating the assignments for execution,

In the DOS YeS system the general system for preparing the program includes
two basic steps: translation of the initial program written in any of the
available programming languages and editing of the target modules obtained
as a result of translation. This system is valid for any DOS YeS translator;
the structure of the target module 1ls always identical and does not depend
on which translator creates the module. This standardization of the trans-
lation results permits combination of the target modules obtained by various
translators into one program in the editing phase.
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Figure 18, Occupancy of the basic memory and flow charts
for the programs of different structure:
upper left —- simple structure; upper right -- structure with
overlay without the base phase; bottom =-- structure with over-
lay with base phase
Key:
- 1. Basic memory
2. Time
3. Base phase

Thus, the adopted stepped preparation of the programs makes it possible
for the programmer to separate his problem into parts and select the most

_ appropriate programming language for each part. The system provides for
independent translation of each autonomously prepared part and combination
of these parts into one program of the required structure.

- For his problem the programmer can plan a program of one of three structures
(Fig 18):

Simple structure where the entire program is cne phase and 1s called into
the basic memory as a whole for execution;
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The stracture with overlay with baste phase where the program s made up
ol yeveral phages; here the base phase ts pregent in the basic memoty
during the entire program execution time, and the remaining phases are
called into the basic memory by the base phase alternately to one and the
same place;

The structure with overlay without base phase where the program Is made
up ol several phases In the basic memory occupled a section equal to the
length of the largest of the phases} fn this case In the memory only one
of the phagses is permanently present, and ecach executed phase calls the
- next one Into its place, destroying itself,

In planning the program structure, the programmer always hag in mind the
fact that each part of his problem is encoded in the form of one or gseveral
Inftial modules which can be autonomously translated, stored in the gystem
in the form of target modules and after editing one or several phases
obtalned which represent one program. Inside the phase subroutines can

be planned which also can be independently included, they can be obtatned
In the form of target modules and then inciuded in the phase in the editing
step.,  Im addition. the programmer can fnclude finfsh subroutines in his
program which are contained in the form of target modules in the dystem or
other libraries of target modules.

Thus, when weiting the program the programmer can proceed as follows:
Divide the program {nto segments;

Isolate the subroutines inside the segments;

Use the finished subroutines of the system contained in the librarfes;

In the initial programming languages determine the relations between the
subroutines inside one segment, between the differcent sepments and also
the interaction between the subroutines and the segments in the process
of eoxecution of the program.

let us illustrate the enumerated possibilities in the example of writing

a program in Assembler. Let us propose that the program has the structure
depicted in Fig 19, that is, it is made up of flve segments, each of

which is ready for execution in the program, and is a phase.

Phage A is the base phase and remains in the basic memory during the entire
executfon of the program. Phases B and E occupy the same region of the
base memory, but during different time periods of execution of the program.
Thus. in our example, it must take into account, for example, the relations
between phases:
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Figure 19. Example of a program with overlay

Key!
1. Input point

The phases C and D are independent of each other, they cannot be present
similtaneously in the basic memory, control is obtained under defined
conditions from phase B and can have information relations with phases

B and Aj

Phases B and E are also independent of each other; they receive control
from phase A and can only be informationwise dependent on 1t}

The execution of the program begins with phase A.

In order to determine the relations between the individually translated
parts of the program -- the initial modules -- there is an apparatus of
external relations in Assembler which permits us to define the external
and internal data and the general regions.

- The data which are required for execution of the module are external, but
they are determined in another initial module. The external data can be,
for cxample, the address of the entry to the module; the address of the
variable formed in the other module.

The output data are the data which are defined in the initial modules,
but they are also used in other modules. The data defined as input in a
specific module are external for another, and, on the contrary, the data
which are external in the specific module must be defined as input 4in
another initial module.

Making use of the input and the external data, the programmer defines the
overlay references between the Iindividual modules. For this purpose,
there are the following operators in Assembler: ENTRY -~ for indication
of the input data -- and EXTRN -- for external data.
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The individual program modules can exchange information ulso through the
common. 'The common 1s a sectlion of a memory defined by the problem program
itsell for use by all phases of the program, For example, data can be
placed in the common which are processed by the different phases. 1In the
Assembler language there 18 an operator COM for defining common. The
analogous means for defining the input, external data and common regions
also exist in other programming languages.

During the writing of the program with overlay the programmer, in addition
to the instructions for the above-described communications, must define

the locations in which the calling of the required phase into the basic
memory 18 to be organized. The communications of this type are also
described by the means of the initial programming languages. In Assembler,
for example, the macroinstructions FETCH and LOAD are used for this purpose.
FETCH 1s used in cases where it is necessary to load a phase into the basic
memory and immediately after loading, transfer control to it, that is,
executed directly after loading., The macroinstruction LOAD is used when

it {8 necessary to load the phase into the basic memory, but it is not
necessary to execute it directly, After the phase is loaded, control is
returned to the calling phase.

The division of the program into segments can be considered as the initial
step in planning the program structure. The next step is finding the
structure of each individual initial module:

Breakdown of the initial module into subroutines which must be created by
the programmer himself;

Inclusion of the finished subroutines from the library in the module;
Establ Ishment of relations between the subroutines of the module;

The relations between subroutines entering into one initial module are
called direct relations.

In the Assembler language, direct communications are established between
the subroutines using the macroinstructions CALL, SAVE and RETURN.
Analogous means for establishing the direct communications exist also in
other programming languages.

For the characterization of the communications among the subroutines

inside cthe module, the level concept has been introduced. A program from
which the execution of a module begins is called the zero level program

or the basic program. The subroutines to which the basic program

reference is directed are called the first level subroutines. Analogously,
the subroutines to which the first level subroutines make direct references
are called the second level subroutines, and so on. Inside the initial
module programs of any level are permitted. The same subroutine can be

a subroutine of different level 1epending on the level of the subroutine
referencing- it.
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'Ly 20 shows an example of direcet communicatlons botween the subrout lnos
of the initlal module which is made up of the basic program A and two
subroutines B and C, Here B is a first level gubroutine, C is a second
level subroutine.

oLt D0dpe; i 7 Melnpozpamau
G Areg g olfey lm}oez’; /}podam

() 9(2) %)

l duwd  (4)
e | Savt - SAVE
I—— ——— Iy
L S I

1 RETUSN ‘__—L. RETURN

Figure 20. Example of direct communications between subroutines

1. Basic program (A)

2. First level subroutine (B)
3. Second level subroutine (C)
4, Input

Translation and Editing of the Program

The planning of the program structure and coding it in the initial program
languages is the initial step in the process of setting up the probiem.

In this step the programmer makes use of the system means without referenc-
ing the computer. The next steps which are executed on the computer are
translation of the initial modules by the corresponding DOS YeS system
translators and editing of the target modules obtained during which the
program of the required structure is created. The steps in the program
preparation are presented in Fig 21: coding, translation and editing.

Let us note the basic capabilities which the system makes avail.lle to the
programmer in the translation and editing steps.

The initial modules can be stored in the library of initia) modules and

then used for coding another initial module of the given program and when
developing another program.
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Flgure 21. Program preparation
Key:
) 1. User programs 10. Target module library
- 2. System programs 11. Ed{itor
3. Libraries 12. Phases
4, Initial module 13. Library of absolute modules
5. Librarian (phases)
6. 1Initial module library 14. Control program
7. Translator 15. For execution

8. Target module
9. Librarian

There are geveral methods of working with the target modules. They can

- be obtained on an external carrier -- punch cards, magnetic tape or discs;
1t is possible to put the target modules in the library. Directly after
translation the target module can go for editing; after editing it
leaves no traces in the system. The indicated possibilities of working
with target modules create sufficient flexibility when preparing the pro-
gram. Each part of the program can be prepared autonomously until the
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- stage of obtaining the target modules, the modules can be obtained
independently with respect to time and are used altogether after the last
1s obtained, 1In addition, the target modules obtained on the external
carrier or fitted in the library can be used when preparing another program.

The target modules must be edited so that a program ready for execution
will be obtained from them. In the editing step the programmer describes
the structure of this program by means of controlling operator of the

- Editor program, indicating the division of the program into phases and
the composition of each phase, that 1s, defining the target modules which
must enter into the phasej he gives the load address and the point of entry
for each of the phases.

After the program is edited, on examination by the programmer it can be
executed directly or it can be placed in the library of absolute modules.
It is expedient to place the program in the library of absolute modules
in the case where execution of it more than once is required in some time
period. Each new execution of the program placed in the library of abso-
lute modules does not require preliminary translation and editing, and
thus system time is saved. After this program is to be no longer used on
the computer, it can be removed from the library of absolute modules.

Program Execution

The editing step completes the process of program preparation, after which
it is ready for execution. The next step is the solution of the problem.

In order that the program be able to be executed, an assignment must be
prepared for its execution. As 1is known, each agsignment can be made up

of one or several assignment steps. It is recommended that certain factors
be considered when planning the assignment.

Since the programs are entirely independent of each other, they can be
formed as individual assignments or as steps in one assignment. It is
expedient to form them as individual assignments, for In the case of
abnormal execution of one step of the assignment, the entire assignment
is removed.

If two programs are connected only by external files on punch cards, mag-
netic tape or discs, they usualiy are formed as steps of a single assign-
ment. For example, the only connecting link between translation and edit-
ing is the target module which is always on an external carrier. There-
fore, as a rule, translation and editing are steps of one assignment.
Another step in this assignment can be the execution of the edited program.

The solution of the problem is realized under the control of the controlling
program. By using the information of the controlling operators, the assign-
ment control adjusts the system to the execution of the required program,
the Supervisor loads the finish program into the basic memory from the
library of absolute modules, puts it into operation in accordance with the
priority of the division and then controls its execution to completion.
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In the different steps of the problem statement process, various means

of the DOS YeS operating system arc used, In the program encoding step,
programming languages are used; in the translation and editing steps, the
translators, the Editor program and the Debugging program. The libraries
are constantly used along with the large set of such programs as sorting,
the information copy programs, the disc package servicing programs, and
the unit checking program,

Programning Languages

The DOS YeS operating system makes available the programming languages
orlented to varlous clasges of problems: Assembler -- a machine

oriented language; base Fortran and Fortran IV =~ for scientific and tech-
nical problems; RPG =-- for accounting problems; Cobol -~ for economic
problems; PL/1 -~ universal programming language.

Assembler. The Assembler language is a symbolic programming language,

and it can be used to solve problems of any type, for it permits direct
use of the system of instructions of the YeS EVM. The Assembler language
provides the programmer with a convenient method of writing the YeS EVM
system Instructions., Its basic advantages by comparison with machine
languages are the following: the possibility of addressing the program
elements by symbolic means, mnemonic indication of instruction codes,
description of the constants and the work zones for the data in convenient
form. By using Assembler, the programmer has the possibility of isolating
the program sections in the initial module, determination of the external
relations among modules which are translated individually from each other,
and construction of a program of any structure.

= The system makes a set of macroinstructions available to the programmer
using Assembler, by means of which programming on the physical and

logical levels of input-output operations is possible, various functions
can be requested from the Supervisor, for example, the time of day, print-
ing out memory, loading phases.

The Assembler language includes the macromeans permitting the application
of the macrogeneration method when preparing the program. Macrogeneration
is a method of preparing programs based on the previously finished macro-
definitions which are program-like sets of operators. Each macrodefinition
is placed in corrercpondence to a macroinstruction by means of which it is
possible to reference the macrodefinition. Actually, the set of macro-
instructions 1s an expansion of the Assembler language.

The system makes a defined set of macroinstructions available to the pro-
grammer which realize the system functions and are called system macro-
instructions. The set of macroinstructions of Assembler can be expanded
- by the programmer himself. By using the macromeans ¢f Assembler, the
programmer can develop his own macroinstructions and macrodefinitions.
The principle of using the macroinstructions developed by the programmer
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is analogous to using the system macroinstructions and consists in the
following. The programmer writes a macroinstruction {n his program using
the Assembler language in which the actual parameters are given. The
translation process includes the macrogeneration step. 1In this step
Assembler, analyzing the initial program, detects the macroinstruction,
finds the macrodefinition corresponding to this macroinstruction in the
library of initial modules and adjusts the macrodefinition in accordance
with the actual macroinstruction parameters, As a result of this adjust-
ment, the set of operators of the initial language is formed called the
macroexpansion which is tncluded in the initial program at the point of
calling its macroinstruction,

In the DOS YeS system there are two translators from the Assembler language:
Assembler E and Assembler F, Both translators have the same input language;
any program in Assembler can be translated by one translator or another.
The translators are distinguished by their operating speced and the size of
the basic memory required for execution of the translation. Assembler E
requires 14K bytes (K=1024) of the basic memory for its operation;

Assembler F requires 44K bytes, but the latter is faster than Assembler E.

Both translators are executed only in the background division; as a result
of the translation, the target module is crea:ed.

RPG, The RPG language is a problem-oriented programming language and is
designed for the solution of accounting problems. The content of the
accounting problems basically is exhausted by the following processes:
the keeping of the files (creation, correction, renewal), the compilation
and printing of the documents: tables, lists, summaries, reports. An
insignificant proportion of the calculations and a large input-output
volume are characteristic of such problems.

The RPG language does not require that the user have special knowledge of
the computer. The advantages of this language when solving the data
processing problems can also include the fact that the programmer must
describe only the problem without describing a detailed algorithm for its
solution. For description of the problem in RPG therc are several types
of forms on which the input and output files and the operations which
must be performed on them are described.

The RPG language provides the user with the following basic possibilities:

Introduction of the files having series, arbitrary or index-series
organization;

Creation of the various types of printed files and files for other purposes
having series, arbitrary and index-series organization;

Performance of the calculations on the data: addition, subtraction,
multiplication, division and other processing operations;
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Edlting and printing each introduced entry and the processing results;

Calculation of the results and printing these results out on satisfaction
of the given conditions;

Monitoring the input entries for order of the defined types of entries
in the group and for ordering (as the given attributes increase or decrease) -
of all of the introduced entries of the file;

Selection of the entries of the different files with respect to the defined
attributes and execution of compatible processing of the entry data;

Realization of the table search;

Printing out required heading information at the beginning of each new
report sheet and some summary information at the end of each sheet;

Making the exit to the subroutines in Assembler.

The RPG translator is executed in the background division and requires
14 bytes of basic memory for its operation. The RPG translator converts
the program from the initial language to the target module.

Fortran. Fortran is designed for programming scientific and technical
problems. In the DOS YeS system there are translators from basic Fortran
and Fortran IV.

The basic Fortran language is distinguished by simplicity, the absence of -
complex structural elements by comparison with the other algorithmic
languages. It 1s easy to learn and convenient for programming many
scientific and technical problems. The language provides the programmer
with great possibilities with respect to using the input-output means.

The methods of series and direct access to the data are permissible; the
data transmission is possible both with and without the format conversion.
An important property of the language is the presence of means permitting
determination of the relations between the autonomously translatable
parts of the program (the subroutines).

The Fortran IV language completely includes the basic Fortran language
and makes appreciably more possibilities available to the programmer,;
for example, such as the possibility of the processing of the logical,
complex and sexadecimal data, more flexible means of communication among
subroutines, and convenient debugging means.

The translators from the two languages convert the program written in the
initial language to the target module and can be executed only in the
background division. In the translators provision is also made for the
diagnostic means which permit discovery of the syntactic errors in the
initial program. The basic Fortran and Fortran IV subroutines which are
designed for calculation of the various mathematical functions and
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execution of certain service operations are contained in the library of
target modules, The reference to the subroutines is contained in the
Fortran program, and the subroutines themselves are included in the
program in the editing phase of the target module obtained as a result of
the translation.

PL/1. The PL/1 language is a universal, highly developed programming
language. It can be used to solve both scientific~technical and economic
problems.

In the DOS YeS system translator the PL/1 realizes a subset of the PL/1
language in which by comparison with the complete language there is no
apparatus for asynchronous execution of the operations of the problem
program and processor means.

The PL/1 translator operates in the background division and converts the
initial module to the target module. In the library of target modules
there are PL/1 subroutines which realize the built-in language functionms,
and they perform the various service operations. The reference to these
subroutines is contained in the initial program in the PL/1 language,

and the subroutines themselves are included in the program in the step of
- editing the target module created by the PL/1 translator.

Cobol. The Cobol language is designed for solving the data processing
problems. Cobnl is oriented to the processing of large-volume files non-
connected with the complex calculation. The characteristic features of
Cobol are such properties as clarity of the language, relative machine
independence, and self-documentation of the programs.

In the DOS YeS system the Cobol language is based on the American National
Standard Cobol, it has a modular structure and is represented in the form
of eight functional modules: the language nucleus, the series access,
direct access, table processing, sorting, creating reports, segmentation
means and a library. The language has means of organizing communicaticns
among the individually translatable modules and for debugging on the
initial language level.

- The Cobol translator translates the program in the initial language to
the target module, it requires 54K bytes of basic memory for operation,
and it can be executed only in the background division.

The Cobol library is part of the system library of the target modules,
and the subroutines from this library are included in the target module
obtained as a result of translation, during editing. Subroutines of this
library realize individual language operators, the conversion of data
from one format to another and certain arithmetic operations and special
functions.
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Syatem Servicing Programs

The DOS Ye$ system servicing programs provide for the execution of the
functions which are necessary to all or the majority of users, for
example, the editing of the programs and placement of them in the library

- of absolute modules, servicing of the DOS YeS libraries, copying of the
information from one carrier to another.

The DOS YeS system includes the following system servicing programs:
Editor, Librarian, Debug, copy programs, sorting programs, and the uait
checking program,

Editor Program., The basic function of the Editor determing its place in
the system is the formation of programs from the target modules created

by the DOS YeS translators ready for execution. Editing is the concluding
and ever present step in the process of program preparation for execution.

. The input information for the Editor is,the target modules which are created
by the translators from the Assembler, RPG, Fortran, PL/1 and Cobol
languages. The Editor processes these target modules and performs program -
phases from them which are stored on the package of discs in the free part
of the region of the absolute module library.

Depending on the given operating conditions of the system, the work of the _
Editor can be completed or execution of the cataloging procedure for the
edited program can be requested. In the former case the edited program

is maintained in the library of absolute modules temporarily: either

until completion of the execution of the current assignment or until a

new execution of the editor is requested in the current assignment. During
this time it can be called into the basic memory for execution any time
when this 1s requested by the programmer. When the assignment is over

or an instruction to edit the next program is obtained in this assignment,
the region in the library of absolute modules which was occupied by the
preceding editing program i1s declared free and the preceding program
temporarily placed in the library cannot be read from the library of
absolute modules, for it is not available there.

In the case where execution of the cataloging procedure is requested, the
edit program is cataloged, that 1s, it is placed permanently in the
library of absolute modules. The cataloging of the program permits it

to be loaded into the basic memory at any time, for it is constantly
present in the library of absolute modules.

Thus, independently of whether the cataloging regime is given or not, the

edited program is placed in the disc package region alloted to the

library of absolute modules, and it is called from this region into the

basic memory for execution. Therefore it is correct to consider that

any program is loaded for execution from the library of absolute modules. s
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The stop nnture of preparation of the programs adopted in the DOS YeS
nyntom, [neludtng the editing process, s o unlversal and FlexIble
apparatus in the hands of the programmer, The programmer has the
possibility of:

Breaking down the program into parts, for each of which the most appropriate
of the programming languages available in the system is selected;

Autonomously, independently of each other translating each part;

Editing the target modules of each part obtained and combining them into
one program ready for execution.

All of the relations which exist between the various autonomous parts of
the program are determined symbolically by the programmer in the initial
languages: they are retained as external references in the target

modules and they receive their specific values only in the editing step.

From the target modules the Fditor can form a program of simple structure
_ or structure with overlay with or without a base phase. The program
structure is selected by the programmer and he must plan it in the initial
language. The basic memory gize is defining when selecting the structure.
It can be satisfied for the program. By using the structures with overlay
it is possible to decrease the basic memory size required for the program.

The selected program structure must be taken into account by the programmer
in the step of writing the program and in the editing step. 1In the step

of writing the programs the programmer himself must be concerned about the
connections between the individual parts and the method of transmitting
information from one part of the program to another, using the means which
are available for these purposes in the initial languages. In the editing
step by using the controlling operators the programmer must indicate the
information for the editor required to construct the program of the
required structure. For example, the following is indicated:

It is necessary to construct the program of simple structure or with over-
lay;

There is a base phase;

What are the objective modules and in what program phases must they be
combined;

The division of basic memory in which the edited program will be executed;

The address of the basic memory for each phase from which it must be
loaded for execution.

106
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2

witl

FOR OFFICTIAL USIE ONLY

The target module can be considered by the Editor either as an indivisible
processing unit or as a set of smaller parts called program sections.
Program sections which enter into a single target module are processed by
the editor independently of each other, and they can be placed in the
various program phases, The separation of the target module into program
sections is realized by the progranmer in the initial language, and he -
does not indicate to the Editor in which program phase one program section

or another must be included. Tor example, when the target module which

1s made up of three program sections Cl, C2, C3, it 1s possible to

construct a program made up of two phases A and B, The sections Cl and CJ

can be included in the A phase, and section C2 can process the B phase.

The initial information comes to the Editor from the SYSLNK system logical

unit for which the disc is always designated, By the beginning of informa- .
tion of the Editor the target modules subject to editing must be contained

in the SYSLNK along with the controlling operators. determining the -
structure of the program,

The target modules can be entered in the SYSLNK by the translators directly

after obtaining them as a result of translation or by the Assignment Control
program, which copies them in the SYSLNK from the SYSIPT system logical

unit. The controlling operators for the Editor are placed in the SYSLNK -
by the Assignment Control program.

The programmer can request the target modules which are found in the
personal or systems library of target modules in the edited program phase.

The Editor has apparatus for automatic inclusion of the target modules

from the library (personal or system) in the edited program phase. Auto-

matic inclusion activates in the case where after combination of all the

program sections and target modules requested by the programmer in the E
phase, undefined external references remain., For definition of them the
Editor automatically calls the required target modules from the library.
The automatic inclusion can be cancelled by request of the prcgrammer.

Librarian Programs. The set of programs designed for servicing the DOS YeS
libraries -- updating, copying and representing their state -- is called
the librarian. The object of operation of the librarian is the types of -
libraries existing in the DOS YeS system: the system (the library of -
absolute modules, the library of target modules, the library of initial

modules) and perscnal (the library of target modules, library of initial

modules).

The svstem libraries eater into the resident file. The library of absolute
modules is always present in it, and the other two system libraries

‘an be absent. The personal libraries do not enter into the resident

file and, as a rule, they are located on package of discs differing from
the system residents. The basic admissible combinations of DOS YeS
libraries are presented in Fig 22.
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For each of the libraries there is a long index in which there are entries
for all elements of the library with defined information about the elements
of this library, The index entries are basically used to determine the

- location of specific elements in the library on the disc.

The sizes of the DOS YeS libraries are determined by the user during the
creation of the libraries, and they depend on the number and size of the
elements which must be pliaced in the library.

Libraries. A phase is an element of a library of absolute modules. All
- of the programs in the library of absolute modules have absolute format,
that is, they are edited for a fixed place in the basic memory.

- The library of absolute modules contains system control and service programs,

- translators, sorting programs and other components of the DOS YeS system
delivered by the user. In addition, the library of absolute modules con~
tains the user programs ready for execution.

The index which contains an entry with defined information about the phase
for each phase corresponds to the library of absolute modules. The entries
in the index were used to determine the location of the phases in the
library and call them into the basic memory. The phases in the library

- and the entries corresponding to them in the index are arranged in the
sequence in which the phases are placed by the Editor in the library.

The target module is an element of the target module library. iach module
is the result of a translation by any of the DOS YeS translators. The
modules can be placed in the library only by the Librarian program.

The library of target modules permits the user to store frequently used
modules in the system and combine them with different, newly created
modules in the editing step to obtain a program ready for execution.

The library of target modules corresponds to the index for which there is

an entry for each module with information about the module. The index
entries are used to determine the location of the module in the library

and obtain it from the library. The modules in the library and the

entries corresponding to them in the index are arranged in the same sequence
in which the modules appear in the library.

The element of the library of the initial modules is the initial module

-- a book. A book is a series of operators in any of the DOS YeS programming
= languages. The basic purpose of the library of initial modules is
accumulation of macrodefinitions and initial programs written in the DOS YeS
programming languages. A book is the least unit with which the Librarian
can operate when performing the majority of functions for the library of
initial modules. The unit of the library-of initial modules larger than a
book is a sublibrary. This is a set of books in the source language designed
for use by a defined translator. Each book in the library belongs to
some sublibrary.
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Figure 22. Basic admissible combinations of DOS YeS Libraries

1. System libraries only 3.
System libraries k.
Absolute

Target

Initial

Modules

2. All system and all personal
libraries

Personal libraries

3. Only the library of

absolute modules and

personal libraries
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The system has sublibraries for Assembler and Cobol, and the user can
define and use other sublibraries. The classification of hooks by sub=
libraries permits the books written in different languages to have
coinciding means.

The library index which contains for each book an entry with information
about the books corresponds to the library of initial modules. The index
entries are used to determine the location of the books in the library

and obtain them from the library. The books in the library and the entries
in the index are arranged in the same sequence in which the books appear

in the library.

The possibility of creating personal libraries makes it possible for the
user to have at his disposal a library of target modules and a library of
initial modules in a package which 1is separate from the system residents.
The existence of personal libraries offers a number of advantages. For
example, the user has the possibility of significantly increasing the size
of the library of absolute modules as a result of decreasing the volume or
completely cancelling the system libraries of target and initial modules
in the resident package of discs., The contents of these libraries can be
partially or completely moved to the personal libraries. This is especially
convenient, for the user can have several personal 1librarles of target or
initial modules, each of which serves a specific purpose. In each specific
case the programmer can indicate which of the personal libraries must be
used in his assignment.

The personal libraries are also convenient for debugging Inasmuch as the
user has the possibility of storing altered versions of his programs in the
i personal libraries.

The personal libraries have internal structure analogous to the structure
of the corresponding system library, but the external ones are formed of
independent files.

In the DOS YeS system it is .possible to use the personal libraries of the
target and the initial modules in combination with the system libraries of
target and initial modules.

Function of the Librarian. The functions performed by the Librarian pro-
grams can be divided into three basic classes: correction, printing and
punching, creation and copying.

The functions of each of the indicated classes are realized by the
corresponding programs of the librarian and extending, as a rule, to all
types of libraries existing in the DOS YeS system. The indication of
which of the functions and on which of the libraries it is necessary to
execute, is provided by the programmer using the Librarain control
operators. The currection or updating functions include the following:
cataloging, removal, compression, renaming, renewal, distribution.
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The cataloging procedure consists In the fact that the following are
added: the phase == in the absoluie module library, the module in the
target module library and the book in the initial module 1ibrary. The
cataloging of phases can be carried out only directly after their editing
if the cataloging load is indicated for the Editor. This procedure for
placing phases in the library of absolute modules is the only one in the
DOS YeS system,

The removal procedure consiats in the fact that the entry corresponding

to the removed object (phase, module, book) i3 struck out of the index of

the corresponding library. After removal, the object ceades to exist

for the system although physically the place which 1t occuples in library

{s not reluased and cannot be used for other objects. This space will be
considered free and available for use only after the compression procedure
has been performed by the given library, the basic purpose of which is to
free the spaces formed as a result of the execution of the removal procedures.

Renaming is used in order to assign new names to the objects of the
tequired library.

The renewal operating procedure permits the contents of the individual
books to be changed, and it is effective only for the libraries of initlal
modules.

Distribution is used in order to change the sizes of the regions on the
discs allotted to the libraries and their indexes. During distribution it
Is possible to enlarge or diminish the 1ibraries and their indexes and also
to exclude or add an entire system library of target or initial modules.
Each redistributed library 1s automatically compressed.

By using the print and punch functions of the Librarian, the user can output
the following:

The content of specific phases, modules and books and also an entire library
on the system printer, on the system punch or on both of these devices
simultaneously;

The contents of the indexes of specific system or personal libraries on the
system printer;

Information about the distribution of the disc packages between the
libraries and their indexes on the system printer.

The punch cards obtained when punching the phases or target modules can be
used as the input information for the Editor.

When using the functions for creation and copying, the user can obtain
copies of the resident file or create personal libraries. The copy of the
gystem can be complete or partial. It is possible, for example, for the
partial copy to include the library of initial modules available in the
original.
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The user must remember that the personal librarles are setviced only in the
cage where the physteal devices designed for the SYSSLB and SYSRLB systom
logical units.

The correction function and also the printing function for personal libraries
are analogous to the same functions for the system libraries with the
exception of the distribution procedure which 1s ineffective for personal
libraries. The size of the personal libraries is determined during their
creation and cannot be altered during the entire operating time with these
personal 1ibraries.

Debug Program. Debug is the debugging program, the basic purpose of which
congists in assisting the programmer in debugging his program.

Debug offers the following basic capabilities:

Correction of the programs which will permit replacement, addition or
removal of program instructions without retranslation in the target module;

Printing information of interest to the programmer during execution of the
program at given points on the system printer: the contents of the common
registers, the contents of the indicated regions of the basic memory;

Printing of information of interest to the programmer on satisfaction of
the indicated conditions;

Printing of -the contents of the basic memory on the system printer in the
case of normal or abnormal completion of the assignment;

Obtaining of a list of phases with indication of addresses from which the
phases were loaded into the basic memory;

The construction of files on automatic tape which the debugged program
required as input files.

Any of the indicated capabilities can be requested by the programmer by
using the control operators of the Debug program. The input information
for Debug is the debugged program which arrives for debugging in the form
of target modules. The Debug program processes the target modules
similarly to the Editor and forms program phases from them which include
information corresponding to the Debug request of the programmer. The
program phases prepared in this way are designed for direct execution of
the given assignment and cannot be cataloged in the library of absolute
modules.

The program prepared for debugging 1s called by Debug into the basic
memory and is executed under its control. During the execution of the
Debug program, debugging information is output which was requested by the
programmer using the control operators. .
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The Debug insures the greatest conveniences when debugging the program
written in Assembler, Thus, in the general case In the Debug contrel operators
hexadecimal or decimal addresses of the Debug program are indicated., For

the programs written in Assembler, these addresses can be given gymbolically,

- the debugging 1s always done in the background division and requires that
the entire reglon of problem programs be at its disposal, that is, the size
of both divisions of the front plant must be zero.

Copy Programs. Independently of the specific nature of using the data pro-
cessing system there are certain frequently repeated operations in the
various operations. These operations can be distinguished in the parts
which depend on the configuration of the computer and the format of the
Individual uger's data, but thelr essence is not altered from this. These
operations include, for example, the shifting of files from cards to discs

_ or magnetic tape, printing out the discs or tape regions. In the DOS YeS$
system there 1s a set of programs which perform such functions which are
called copy programs,

The copy programs edited for execution in the background division are

stored in the library of absolute modules. They can be edited from any

division of basic memory, for they exist in the form of target modules

in the target module library, All of the copy programs can be divided into
_ two groups: the file-file type copy programs and special programs.

The file-file type programs move one file from one data carrier to another.

Exchange of information between the following data carricrs 1s possible
(in any combination):

card [cards

from disc to discs

tapeJ tape
llprinter

Each of the copy programs of the file-file type can execute the following
functions:

Coding -- file is copied without changing the entry format, size of the
block: as a rule, all of the entries of the input file are present in the
created copy;

Reblocking -- the file is copied with alteration only of the block size;
Recomposition =~ during copying the internal structure of each entry can
be altered; permutation, removal of fields, field conversion (packing,
unpacking, conversion to hexadecimal form) are possible:

Reblocking with recomposition -- during copying the size of the block in
the internal structure of the entry can be altered.

113

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060066-2

FOR OVFICIAL USE ONLY

Special programs -~ this 18 a set of independent programs which permit
execution of the following functions!

Preparation for operation of the package of dises -~ initialization of the
discs;

Clearing of one or saveral regions of the disc;

Designation of redundant tracks to replace defective tracks of the discs:

Comparison of two tape files to establish identicalness;

Copying of the disc file or the entire volume on the disc, tape and cards.
Restoration of the initial file or volume on the disc, tape and cards,

When using any of the copy programs the programmer can, with the help of the
control operators, indicate which of the functions are needed for execution
of this work. The control operators are used by the copy programs in order
to adjust the program for execution of the functions requested by the
programmer.

Copy Macroinstructions. The copy programs, although they can be adjusted

to the input file parameters and the created output file, during the copying
process can only execute an entirely defined file processing. If it is
requested that the processing be carried out in the copy process which has

not been provided for by the corresponding copy program, the programmer

can easily put together his own copy program using the copy macroinstructions.

The DOS YeS has macroinstructions for input from discs, output to the discs,
input from magnetic tape, output to magnetic tape, input from cards, output
to cards, output to printer, input from punch tape, output to punch tape,
input from the panel typewriter, output to the panel typewriter.

The copy macroinstructions can be used when writing the panel-file type
programs, the programs for information input from external carriers to the
basic memory and the programs for output of information from the basic
memory to the external carriers.

When writing the program it is possible to add any subroutines written by the
user which can supply controlling information, process the user marks,
carry out any processing of entries, add and remove entries, and so on.

The macrodefinitions corresponding to the copy macroinstructions are stored

in the Assembler sublibrary of initial operators and were included in the
program generated by the Assembler.
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Sorting Programs. ‘The DOS YeS gervice programs include the programs
which offer the possibility for the user to sort the files made up of
unordered entries and also to combine several flles with ordered entries
into one ordered, series-organized file,

The entries can be sorted in decreasing or increasing order, where ordering
Is carried out for each attribute called the controlling field, and its
own sequence can be given, The process of combining several files, inside
each of which the entries are ordered into one file of ordered entries is
called merging., For the merging operations the output sequence of entries
must be the same as the input sequence. 1f, for example, the file to be
morged with other files was ordered by some attribute in increasing order,
then after merging the entries of the output file will be ordered with
respect to this attribute algso in increasing order.

- During the operation of the sorting program, check points are created
which offers the possibility of using the repeat start means existing in the
DOS YeS system, interrupting the sorting process when necessary and renewal
of execution of the program again from the fixed intermediate point.

In order to describe the specific operation with respect to sorting or
merging which must be executed, the programmer must prepare the controlling
sorting operators. With their help the programmer communicates to the
sorting programs such information as the description of the flles to be
sorted or merged, a description of the controlling fields by which the
entries must he gsorted; the operating mode of the program {tself.

In the sorting program provisions is made for means to include the programs
written by the users. The user programs which are executed together with
the sorting programs can open and clogse files, insert, modify or remove
entries, and process input and output errors.

The DOS YeS system has the following programs: the sorting program on mag-
netic tapes and the sorting program on magnetic tapes and discs. Each of
these programs can be executed as an independent assignment in the package
processing mode. In contrast to the sorting program on magentic tapes
which can be executed only in the background division, the sorting program
on magnetic tapes and discs is gself-moving and can be executed {n any
division. In addition, the sorting program on magnetic tapes and discs
can be included in the problem program as a subroutine.

In order to execute the sorting programs no less than 10K bytes of basic
memory are required.

Sorting Program on Magnetic Tapes. The sorting program on magnetic tapes
orders the input files located on magnetic tapes, it uses only magnetic
tapes for the Intermediate (operating) files, and it places the sorted
output file also on magnetic tapes. The basic characteristics of this
program are the following:
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The input and output f1les can be multivolume;
One ordered output file can have up to nine input files sorted on {1t;

When using only the merging load, up to seven input ordered files can be
combined into one ordered output file;

For intermediate working files from 3 to 6 units on magnetic tape are
required;

Sorting can be carried out simultaneously by no more than 12 control fields,
the length of each of which must not exceed 256 bytes;

The type of data contained in the controlling field must be identical for
all flelds and can be one of the following: binary, alphanumeric, fixed
point or floating point;

The sorting program makes it possible to deal with the input file data
blocks not subject to being read from magnetic tapes;

The processed files can be made up of entries of fixed or variable length
which can be grouped into blocks of fixed or variable length, respectively,

The sorting program on magnetic tapes is made up of several phases which
are constantly stored in the library of absolute modules. 1In the specific
execution, the sorting program is modified in accordance with the given
control operators, insuring a high sorting speed.

Sorting Program on Magnetic Tapes and Discs. In the sorting program on

magnetic tapes and discs for each of the types of files (input, output and

working), independently of each other, magnetic tapes and (or) discs can be ‘
used. For one type of file either magnetic tapes or discs must be used. i

Depending on the type of units which were used when sorting it is possible !
to isolate the following versions:

Discs, when discs are used for input, working and output files;
Tape, when magnetic tapes are used for input, working and output files;

Mixed when the discs and magnetic tapes are used for input, working and
- output files.

The sorting program on magnetic discs and tapes provides all of the proper-
ties which were indicated for the sorting program on magnetic tapes. In
addition, the sorting program on discs and magnetic tapes offers the
following capability:

Indication of the control fields of different types;
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Merging of up to eight ordered filles into one ordered filey
llaving the files available on discs and magnetic tapes;

Replacement of the sorting and the entries in the file by sorting of the
control information about the entries of the file.

When realizing the last-mentioned capability, as a result of execution of
the program an output file is created which is made up of the ordered
control fields of entries and the disc addresses of the corresponding
entries or only, the disc addresses of the entries, This address file is
used to process the initial input unsorted file in the ordered sequence,

The sortling program on magnetic tapes and discs is a set of target modules
in the target module 1ibrary. From these modules, sorting programs can be
obtained which have different capabilities (the program executing only the
sorting operations; the program executing only the merging operations;

the program executing both the sorting operation and the merging operation
and using only discs or only magnetic tapes or magnetic tapes and discs
for the working files). The specific version of the program can be
cataloged in the library of absolute modules and then used without pre-
liminary editing.

Program for Checking Unit. The programming for checking units is designed
for checking the correctness of the functioning of the input-output devices,
and it 1is executed under the control of the DOS YeS system. The test
checking of the devices produced by this program can be carried out in the
multiprogram mode; here the program for checking the unit itself is always

- executed only in the background division. This program can be executed on
the machine simultaneously with the solution of other problems, the test
check of the units made by it is called a nonautonomous check,

The program for checking the units offers the following capability:
Periodic preventive checking of the operation of the unit;

On appearance of errors in the operation of the unit, location of the
places of the occurrence of these errors;

Conviction of the correctness of the operation of the unit after elimination
- of the error or introduction of technical changes into the unit.

The program for checking the units provides the test nonautonomous check

of all units of the YeS EVM computers which are included in the DOS YeS
system. Each specific execution of the operator must indicate which of the
units is to be checked. Only the units which have been assigned at the
given time to the background division can be checked.
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For varilous types of units there are individual test programs which are
adjusted, started and executed under the control of the unit test program.

= No less than 10 Kbytes of basic memory are required for execution of the
unit test program,
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CHAPTER 5. SYSTEM GENERATION

The generation of the DOS YeS operating system is the process of obtaining

a specific resident package containing the components of the DOS YeS system

in the form and size as needed for daily operation of the system. The -
purpose of the generation is to obtain the resident package which will

correspond to the highest degree to the requirements of the specific

computer center, its goals and the composition of its equipment.

In complete volume the DOS YeS system is a broad set of program components,

each of which is an indeépendent module of the system, The DOS YeS system =
itself is constructed from such modules connected to each other by a .
standard procedure.

If we consider the DOS YeS system as a whole, then from the point of view
of the specific computer center it is redundant: the same goal can be

B achieved frequently by two, three and sometimes even a larger number of

. different methods made available by the system, For example, it is possible
to designate the input-output units available to the computer as logical
units in different ways: one of the procedures is to indicate the

- correspondence between the logical and physical units during system
generation, another method is to indicate this correspondence in the initial
flow of agsigmnments. Although there is a difference between the designation
mada during generation and during the input flow of assigrmenvs which consists
in the duration of effect of the established correspondence, nevertheless
one goal is achieved -- the correspondence between the physical and logical
unit is established.

For any specific use the residence package must contain not the entire system
as a whole, but a fully defined part of it. Thus, in the system there is a
set of translators for many programming languages (two Assemblers, Cobol,
PL/1, Basic Fortran, Fortran IV, RPG), not all of which can be used at

the specific computer center. For example, Fortran IV and Cobol can be

used, and in this case having the remaining translators in the resident
package in daily operaticu means to lose a large section of memory on the
disc occupied by the unused translators.
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The composition of the equipment at the specific computer center can

- influence the composition of the programs contained on the resident package
such as the copy program, the modules of the logical input~output control
system. For example, 1f there are no punch tape units in the computer
center, then the corresponding copy programs and input-output modules are
not needed in the resident package. The composition of the equipment has a
significant effect also on the properties of the Supervisor: the composi-
tion of the equipment determines the number of serviced input-output units
and the procedure for working with the units, The Supervisor can by user
request service or not service the timer, the memory protection, the decimal
and floating~point arithmetic,

The organization of operations on the computer center can also influence
the properties of the resident package; if it is proposed that all of the

z problems be solved in a single~program mode, then it 1s possible to have
the Supervisor in the resident package without providing for multiprogram
processing., There are other properties of the Supervisor which can be
provided by user request. The majority of them were discussed previously
when describing the properties of the Supervisor.

The capability of using generation to obtain a specific system from a

general set of program components is in practice the only solution to the
alternative where, on the one hand it is necessary to have a united operating
system for all of the users, and on the other hand, this system must be
satisfied by the specific requests of the specific user.

The DOS YeS operating system, the only one for all of the users of the

YeS EVM computers, has been delivered to the users on magnetic tape which
is called the distributive tape. Having the distributive tape and knowing
the generation rules, the user copies the DOS YeS system from the distribu-
tive tape onto the disc and performs the generation procedure.

During generation, the basic problems such as planning the Supervisor ~--
selection of the properties of the specific Supervisor nucleus -- planning
the library -- determination of the composition, size and contents of the

- libraries of a specific resident package -- planning the system files --
determination of the sizes and allocation of space in the external memory
for these files must all be solved. An important event in the generation
procedure is, in addition, planning this procedure itself in order to
determine the clear sequence of actions, for the generation process
esgentially depends on the composition of the equipment used for generation
and permits various versions of execution.

The procedure for generating the specific DOS YeS system is executed on the
YeS EVM computer under the control of the DOS YeS operating system, and it

is the operation which is subdivided into several (and sometimes quite

many) steps. The generation steps are formed as a package of assignments,
for the execution of which such system components are used as the Supervisor,
Assignment Control, Initial Load, Editor, Librarian, and Assembler. This
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set of program components is the starting version of the DOS YeS system
which 1s necessary for execution of the generation procedure.

The DOS YeS system set up by the user is the set of three libraries:
absolute, target and initial modules.

The library of absolute modules contains the Supervisor, Assignment Control,
the Initial Load program, Editor, Librarian, Assembler and certain copy
programs. The setup Supervisor is one of the specific verslons which can
be used in one of the YeS EVM computers, independently of the configuration
of the specific machine. This Supervisor does not take into account the
pecullarities of the specific machine or the wishes of the user. There

are many properties absent in it which are desirable, and frequently
necessary for many programmers. The basic purpose of this Supervisor is to
provide for the execution of the system generation procedure. All of the
remaining programs contained in the library of absolute modules have been
edited for execution in the background division under the control of this
specific Supervisor.

The library of target modules contains the target modules of all of the
program components of the DOS YeS system (the Assignment Control program,
Editor, Librarian, Debug, copy programs, sorting programs, translators,
specific modules of the logical input-output control system). The library

of initial modules contains macrodefinitions for the system macroinstructions
of Assembler. Among them are the following macrodefinitions: communica-
tions with the Supervisor, generation of the Supervisor, logical input-output
control system, and the copy. Here some of the check problems are contained
for different service programs and translators.

The system obtained by the user can be used on his computer, However, the
majority of users execute the generation procedure, as a result of which
the specific Supervisor is created, taking into account the configuration
of the computer and the properties requested by the user and also the
system library in which only the components of the DOS YeS system needed by
the user are placed.

The essence of the generation process consists in the following:

Using the set of generation macroinstructions of the Supervisor the
programmer describes the Supervisor properties that he needs;

The prepared macroinstructions are translated by the Assembler, as a result
of which a specific requested version of the Supervisor is obtained;

The obtained Supervisor is edited and cataloged in the library of absolute
modules;

New system libraries are created.
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In the generated program the nucleus of the Supervisor can be distinguished
with respect to size from the nucleus of the Supervisor set up by the user,
that 1s, can occupy more or less space in the basic memory. Therefore, as

a4 rule, one of the generation steps is editing the system service programs
and the required translators for which the new beginning of the region of
the problem programs in the basic memory is taken into account., The edited
system programs are cataloged in the library of absolute modules, forming
its basic content. The editing process is also executed for the programs
which in the system set up by the user are not in the library of absolute
modules, but which are contained in the library of target modules (for
example, the sorting programs, translators from Fortran, RPG).

The user can alter the contents and the sizes of the system libraries of

target and initial modules in accordance with the problems which will be

solved on his computer. Thus, the target modules of certain copy programs

can be eliminated given the case where the use of the corresponding

peripheral devices is not anticipated on the computer, The target modules

of the program components which are edited and placed in the library of -
absolute modules are removed from the system library of target modules.
The macrodefinitions of the Supervisor generation, the macrodefinitions of
the logical input-output control system for the devices which are not used
on the computer can be removed from the system library of initial modules.
These procedures offer the possibility of economically distributing the
package of discs among the system libraries. As a result of execution of
the above-described procedures, the DOS YeS operating system is created
for the specific computer. -

As has been stated, on generation of the specific DOS YeS system, the user
can determine which of the capabilities presented by the system must be
insured in the system. The user can, with the help of the Supervisor
generation macroinstruction, for example, indicate the following:

The type of operation of the desired DOS YeS system: the signal-program
or multiprogram;

The configuration of the input-output units of his computer (number of
devices and their types);

The specific features of the equipment which will be provided in the DOS YeS
system: the model number of the YeS EVM computer, servicing of the timer,
and organization of memory protection;

The number of logical units of the programmer for each of the divisions;
Standard designations for the logical units of the background division;
Standard operating divisions of the system (number of rows on a page and
the system printer, unloading memory on abnormal completion of the assign-
ment, keeping of statistics on magnetic tape failures, the capability of

communication of the operator with the proper programs, and so on).
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In executing the generation procedure, the user ovbtains a specific version
of the resident package of discs called the operating package. This
package 18 used in dally operation on the YeS EVM computer., The operating
package ig created considering the requirements not of any one specific
problem, but considering the requirements of the class of problems, it 1s
aufficiently universal, suitahle for various purposes, Even in cases

where certain standard properties of the operating package included during
generation do not completely correspond to the requirements of the specifie
operation, the system has means of operative cancellation of the unsuitable
standard property in the operating process, In such situations it is not
necessary to alter the operating package, since the corresponding
alteration is achieved on the level of the controlling operators describing
the assignment. This principle 1s entirely justified, for the system
generation procedures requires quite a lot of time, and therefore it is
inexpedient to create the operating package for the specific problem.
Several operating packages can be used at the computer center which are
distinguished from each other by the Supervisor properties and also the
composition, size and contents of the libraries, Each of these packages
can be used when solving a defined class of problems,
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CHAPTER 6. DEVELOPMENT OF THE DOS YeS SYSTEM

The properties of the DOS YeS operating system described in the preceding
chapters cannot be considered as once and for all fixed and invariant. The
continuous development of the technical means of the integrated computer
system [YeS EVM], the expansion of the regions of application of the
computers, the theory and practice of programming naturally require that
the operating systems be developed and improved.

It is obvious that the DOS YeS operating system will only in this case
satisfy the growing requirements of the users if it 1s constantly developed,
oxpanding the volume of operating services. In this case one of the basic
requirements that is advanced is the requirement of insuring priority among
the various editions of the DOS YeS system. This means that from the point
of view of the user, each next version of the system makes new capabilities
available, retaining the capabilities in the preceding version. The user
programs executed under the control of the preceding versfon of the DOS YeS
system, must be executed also under the control of the next edition. Each
new version of the system must be considered as a new edition or, what
amounts to the same thing, the next version of the system.

The development of the DOS YeS system will proceed with respect to the
following basic areas: expansion of the composition of the components,
improvement of the existing components for more efficient utilization of
resources and improvement of the operating reliability of the system,
insurance of new technical means and simplification of the programming.

The most significant expansions which are realized at the present time in
the DOS YeS system will be considered below.

Expansion of the Class of System Programs Executed in the First Plan
Divisions. In order to facilitate the planning of the multiprogram pro-
cessing and simplify the procedures with respect to its realization, the
basic system service programs (Editor, Librarian, translators and so on)
can be executed both in the background division and in the front plan
divisions. For the front plan divisions it is possible to indicate the
standard designations for the logical units. At the same time it becomes
possible to translate and edit the programs in any of the divisions of the
basic memory. This means that the special role of the background division
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for the system 18 in practice cancelled; the procedure of formation of the
flow of assignments becomes identical both for the background division
and for the front plan divisions.

Personal Libraries of Absolute Modules. 1In addition to the personal
libraries of target and initial modules existing in the system, there is
the possibility of creating personal librarles of absolute modules., The
user can have his own personal libraries of absolute modules for each of
the divislons of the basic memory, storage programs in them and not load
the system library of absolute modules with his programs. 1In various
pergonal libraries the user can store the same program edited for execution
in the different divisions. In this way this program can be placed in all
of the personal 1ibraries under the same name.

Multiproblem Mode. The capabilities of the multiprogram processing have been
expanded by introducing the multiproblem mode. The multiproblem mode
permits organization of simultancous execution of several parallel branches
of the program in the division, If it is possible to isolate several
problems (branches) in the program which can be executed {n paralle, then
with introduction of the multiproblem mode the efficiency of the execution
of the program can be approved. At the same time multiproblem mode permits
us to increase the total number of simultaneously executed independent
programs., The multiproblem mode means that one of the problems executed

in parallel in the division is the basic problem, it is called into the
basic memory and is started traditionally. During its execution the basic
problem indicates to the Supervisor the necessity for starting another
problem in the division in the form of the parallel process -- the sub-
problem of the basic problem. In the system provision 1s made for means
for connection, disconnection and synchronizing of the parallel execution
of the problems and also protection of the computer resources used
simultaneously by the executed problems.

In order to create the programs in which parallel branches are isolated, the
system provides the programmer with a set of macroinstructions of multi-
problem regime. The programmer uses these macroinstructions in the basic
problem when organizing the branch and collection points and also when
indicating the points of completion of it in the subproblem. At the branch
point connection of one or several parallel subproblems takes place. At

the collection point the basic problem should organize waiting for completion
of one or several previously connected parallel subproblems.

The system resources allocated to the division can be distributed on the
subproblem and protected from their improper use in the subproblems. The
distribution of resources among the subproblems and their protection is
organized by the programmer using special systems means. The most tedious
problem with respect to organizing the protection of the disc tracks from
the simultaneous use of them by several programs executed in the multi-
program regime is realized by the system itself, These systems means are
included in the Supervisor and the logical input-output control system.
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New Capabilities of Error Processing., 1In order to improve the system
reliability and improve its operating characteristics, additional capabili=
ties have been Introduced for differentiation of machine errors, isolation
of those of them which can be processed without conversion of the computer

_ into the serious halt state. This permits continuation of the execution
of the asaignments not affected by the machine errvor,

Keeplng of Statisties. The operating system of the DOS YeS system includes
the special means of pathering, storing and processing statistical informa=
tion which glve an estimate of the fitness of the computer system and
executes certain other functilons., The system realizes the accumulation

of tcatistical information about the equipment and program ervors, it keeps
account of the agsignments and also has means for output of the accumulated
statistical information in a form convenient for its use.

The gathering of the statistical information is realized by the controlling
program of the DOS YeS system on request by the user; the collected
information is fixed in a special register file of the system which is
located on the disc. Here any event is fixed in the register file with
indication of the situation in which it occurred: the division in which
the program is executed, the name of the program, the type of error, the
number of the device, the bytes of the basic and the more precisely defined
state, and sv on. It must be emphasized that the system not only records
the detected erroneous situation but also independently takes measures to
eliminate the consequences of the error and restore the fitness of the sys-
tem.

The processing of the information accumulated fIn the register file system

is realized using special service programs which permit us to obtain summary
information about the functioning of the specific unit or program. When
analyzing the data obtained, it is possible to draw the conclusion of the
loading and the rhythm of the use of the equipment, the frequency of the
occurrence of failures, the quality of volumes on the magnetic tapes and
discs, and so on, and on the basis of this, to generate specific recommenda-
tions with respect to operation and modiffn~-*?<n ~¢ eh> hardware and soft-
ware of the computer.

Remote Processing Means. One of the prospective arecas of use of the YeS EVM
computer is creation of the remote processing systems. In order to support
the work with the telecommunication units of the YeS EVM computer, the

DOS YeS system includes the Basic Telecommunication Method of Access which
when used makes it possible to construct the specific remote processing
systems of the type of data collection, the commutation of messages and

the processing of requests,

The Basic Telecommunications Method of Access is a program means constructed
by the general principles of the input-output control system. It realizes
the standard procedures for receiving and transmitting messages over the
communication lines from the remote processing units to the basic memory
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and back, llere the method takes on itself the establishtent of communica=
tions with the subseriber, the execution of the channel programs [driveral,
transmitting the messages, the control of the buffers in the basic memory,
the recording of messages Erom one code to another, the processing and
reporting of the errors, and testing of the telecommuniecations unites.,

Support of the YeS=5061 Unit. The constant expansion and improvement of

the technical means of the YeS EVM computers require corresponding modifica=~
tion of the DOS Ye$ operating system. The most sipnificant developments

in the system have been made in order to provide magnetic disc storage
elements with a capacity of 29 million bytes (the YeS=5061 unit). The

DOS YeS system makes available the capability of uging this device as an
ordinary input-output unit and also as a system unit including the use of

it as gystem residents.

Other Expansions of the DOS Ye$ System. In connection with the expansion

of nomenclature of external devices of the YeS EVM computers, the correspond=
ing modification and expansion of the input-output control system of the

DOS YeS system has been carried out and new capabilities have been included
in it. For example, the system provides repeated entry in the input-output
modules, which permits use of the same module by several subproblems when
working in the multiproblem mode; the direct access method will provide

for the processing of variable-length entries and access to the entry by

its relative address.

The DOS Ye$S system Librarian performs the functions of merging the libraries
which will permit exchange of elements (phases, modules and books) among
like personal and gystem libraries.

Some changes have been made in the DOS Ye$ system languages and translators.
These changes are primarily directed at improving the quality of the
created programs and reduction of certain restrictions.
The authors have not stated the goal of providing specific information

- about all of the changes and expansions of the DOS YeS system. Only the
most significant properties which have been realized in recent times are
mentioned in this chapter.

COPYRIGHT: 1Izdatel'stvo "Statistika", 1975
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